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PREFACE

This technical report describes the results of measurements and analyses performed
by the Targets Branch (DLMQ) of the Air Force Armament Laboratory, Eglin Air Force
Base, Florida, in simultaneous support of Program Element No. 62602F, Project No.
192103, "Infrared Plume Simulation Technology," and Program Element No. 63232F,
Project No. 469A0501, "Plume Injection Infrared Augmentation." The effort was con-
ducted during the period 20 January 1975 through 1 June 1975 by Dr. D. B. Ebeoglu,

W Lieutenant C. W. Martin, Mr. D. E. Fink, and Mr. I. W. Semmes (AFATL/DLMQ). The
interferometer data were obtained and reduced by Captain W. B. Jollie (ADTC/TSGPA).

&Z The outstanding technical cooperation and support of Mr. A. L. Holzmar,, Mr. R. A.
Jones, and Dr. B. L. Iwanciow of Chemical Systems Division (CSD), United Technologies,
Sunnyvale, California, is gratefully acknowledged. The results of the experimental and
analytical effort conducted by CSD are contained in technical report AFATL-TR-75-90,
"High Altitude Supersonic Target (HAST) Infrared Augmentation," Eglin Air Force Base,
Florida, July 1975.

This technical report has been reviewed and is approved for publication.
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SECTION I

{ jINTRODUCTION

* IThe infrared data described in this report were obtained on two hybrid rocket engines
developed by Chemical Systems Division (CSD), United Technologies (formerly United
Technology Center, Division of United Aircraft), Sunnyvale, California. These engines

F utilize a case bonded solid fuel grain (80 percent polybutadiene and 20 percent poly-
methIylmetacrylate) having a hollow core through which is injected an atomized liquid
oxidizer [inhibited red fuming nitric acid (IRFNA)I.

17 The full-scale engine operates at total flow rates of between 1000 and 2000 grams
per second and is the propilsion system for the HAST. A subscale engine having the

s same general geometry and propellants, and operating at a flow rate of about 100 grams
per second, was developed to permit the study of secondary injection as an infrared aug-
mentation technique over a wide range of primary and secondary conditions.

The purpose of this effort was to obtain a set of detailed and unambiguous measure-
ments of the infrared signature of the HAST engine at sea level, analyze infrared perform-
ance, evaluate and recommend viable augmentation techniques and extrapolate the data to
determine inflight infrared performance. Previous analyses (Reference 1) had concluded
that, to the maximum extent possible, the target propulsion system should be used as
the infrared source. Experimental investigations (Reference 2) had established the major'I parameters affecting infrared radiation from rocket engine plumes. An experimental
investigation was thus recommended and was undertaken by CSD to apply the funda-
mental knowledge gained in maximizing radiation from plumes to the specific details
of the HAST hybrid engine configuration, temperature, and fuel chemistry.

The detailed IR signature measurements, which were conducted by AFATL, deter-
mined total radiant intensity between 4 and 5 micrometers, spectral radiant intensity
between 2 and 5 micrometers and spatial radiant intensity distributions over its entire
"plume between 4 and 5.5 micrometers. These data were obtained for each operating
condition. Both engines were operated by CSD using a complement of instrumentation
to control, monitor, and record engine operating conditions.

This report describes the geometry for the measurements, the final reduced data from
Seach instrument and the agreement between instruments. It discusses the infrared per-
formance of the hybrid engine with anC( without augmentation, with and without sub-
sonic co-flowing air envelope, and with and without a subsonic nitrogen envelope. This

References
1. Report of the Plume Emissions Panel, Advisory Committee to the Air Force Systems
Command, National Academy of Sciences, June 1973.
2. D. B. Ebeoglu, Fundamental Parameters Affecting Plunm Infrared Radiation, AFATL-
TR-74-84, Eglin Air Force Base, Florida, April 1974.
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report also reviews previous infrared plume prediction calculations performed for the HAST,
compares them against the measured data and evaluates their effectiveness. Based on the
conclusions reached from all the data analysis, recommendations are made for implementing
imprcved techniques to provide significant inflight infrared enhancement of the HAST engine
exhaust plume.
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SECTION II

MEASUREMENT CONDITIONS

1. EXPERIMENTAL GEOMETRY

Figures 1 and 2 show the geometry chosen for the subscale and full-scale engine
measurements, respectively. Corresponding photographs of the engine/instrumentation
arrangements are shown in Figures 3 and 4. Both engines were operated at a height
'f 39.4 centimeters from ground to centerline.

There was a vertical wall approximately 69.9 centimeters from the subscale engine

parallel to the centerline (off the rigVt-hand side of Figure 3). The scanner measure-
ments detected an infrared reflection of the plume from this wall during the subscale
engine tests and from the ground plane1 during the full-scale enqine tests. However,
the reflected radiation in each case contributed an apparent increase in total radiation
"of less than 2n percent. In view of the low levels encountered, no serious attempts
were undertaken to eliminate reflections. [Tnese conclusions become apparent from
the itifrared scanner data on the subscale engine (Tables 5 through 14) and on the
full-scale engine (Tables 16 and 18 through 24)].

For the subsca!e measurements, the AFATL and C$D radicmeters were placed next
to each other at a point approximately 30 degrees from the plume axis (tail-on angle
being 0 degree). Agreement between the radiometers was repeatedly found to be with-
in 6 percent. Thus, for the full-scale measurements, the radiometers were placed at
eseparate locations in order to gain another data point. In the latter case, the AFATL

unit was placed at 60 degrees and the CSD unit at 30 degrees. (However, due to
the lay of the land, the CSD unit had to be at a height of approximately 10 meters
above the engine axis.) The interferometer and the scanner were always operated at
90 degrees aspect angle, care being taken to ensure that they did not fall within each
other's field of view.

2. INSTRUMENTATION

Most of the infrared instrumentation has been described in detail previously and
thus only salient points are reviewed here. The AFATL radiometer is a Hewlett Packard
8330A/8334A thermopile with a 3.92- to 5.1-micrometer bandpass filter, a 7-½2-degree
non-attenuated field of view and a CaF 2 window. The CSD radiometer, des'gned and
fabricated by CSD, uses a pyroelectric detector with a 3.86- to 5.31-micrometer bandpass

i• •filter, a non-attenuated field of view of approximately 7.2 degrees, end a germanium
9-.- 4V window. Both radiometers have a flat spectral response and were operated over a flat

field of view.

Footnote
0 1The full-scale measurements were conducted on a rainy day, and the wet pavement

might have enhanced the amount of radiation reflected in that instance.

3
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A BOFORS scanner with a Barnes digital data acquisition system (Reference 3i was
used to obtain infrared spatial distributions. The instrument has a 25-degree (horizontal)
by 12.5-degree (vertical) field of view, giving a two-dimensional matrix of 56 (horizontal)
by 94 (vertico;c total digital picture elements over this field of view, with a digital dynamic
range of each picture element from 0 to 127. The bandpass selected was 4 to 5.5 n'icro-
meters.

A Block Model 600 interferometer spectrometer was used to measure soectral distri-
butions between 2 and 5 micrometers. Data were collected at a resolution of 4 cm 1

at a rate of 16 scans per second, generally, over a 1-second duration. The instrument
was operated with aiuut a 25-degree field of view (of which approximately 16 degrees
were taken up by the full-scile plume).

An automatic sequencing system developed by CSD was used with both the engines
to control the duration of each sequence of operation during a given firing. Figure 5
shows the time sequences used for the subscale HAST firing. The standard time sequence
shown in Figure 5(a) allowed the examination of (a) the static plume, (b) the static
plume with fuel augmentation, (c) the static plume with oxygen augmentation, (d) the

W dynamic plume (with subsonic air or nitrogen envelope), (e! the dynamic plume wit',Z fuel augmentation, and (f) the dynamic plume with oxygen augmentation. The seqL.nce
was changed only once, as shown in Figure 5(b), to allow the evaluation of the Atlantic
Research Corporation Pyrotechnic Optical Plume Simulator (POPS) as a HAST plume aug-
mentation device.

Table 1 shows the sequences for both the boost and sustain phases of the full-scale
HAST firing. The infrared instruments were operated continuously from a point in time
preceding engine firing to after the end of a complete set of sequences. The sequencer
was used to produce time marks in conjunction with an IRIG time-code generator. The
full-scale engine could only be evaluated at static conditions; thus, time sequences were
selected to allow infrared measurements of the plume with and without fuel augmentation
and with and without oxygen augmentation at set intervals. These intervals encompassed
a range of engine O/F ratios and total mass flow rates for all the missions contemplated

q for the HAST.

The interferometer data were collected in two ways. First, interferograrns were re-
corded on analog tape (using a Bell & Howell CPR-4040 Instrumentation Recorder) along47 with IRIG time code, the automatic sequencer sync pulse, and voice annotation. In this
way, the entire spectral history cf each rocket motor firing was preserved. Second, inter-
ferograms were randomly digitized and recorded in real time using the data system of theF ispectrometer to provide spectral information free from any possible recorder noise. This
real time data provided a check on the quality of the recorded data and provided a means
of on-the-spot data evaluation.

Reference
E 3. C. WN. Martin, R, F. Askew, and D. B. Ebeoglu, Operation of an Infrared Thermal

Scanner for Plume Measurements, AFATL-TR-74-204, Eglin Air Force Base, Florida,
December 1974.S~4
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For each run, data were reduced over the intervals of time shown in Figure 5 and
Table 1. The data system digitized and co-added 16 interferograms to create the final
data interferogram for each specified time. It then performed a Fourier transform on
the final interferogram to produce a raw target spectrum. This spectrum was corrected
with the instrument response curve and plotted as a fully calibrated spectrum. Each
spectrum was then recorded on digital magnetic tape to make a permanent record of
the final data. The same procedures were used to reduce the data collected in real
time, except that a separate real time instrument response curve was used to correct
the raw data.

The thermal scanner data were continuously recorded on digital tape and the time
sequences shown in Figure 5 and Table 1 used for final data reduction. Frames were
selected using timing pulses from the firing sequencer on a strip chart recorder and the

i !octal frame counter on the scanner. (The scanner operates at a scan rate of 2.87 frames
per second.) The radiant intensity figures presented for each sequence are averages of
the total radiant intensity measured in three frames. The data recorded from the scanner
were visually reviewed on an oscilloscope and gross effects, such as saturation or reflec-
tions, noted for correction. Final numerical data reduction was performed on a CDC
6600 computer.

3. CALIBRATION AND DATA VERIFICATION

A 1.25-square-centimeter blackbody source at 900 degrees Centigrade was used at
the test locations to obtain the response of each instrument configuration. Interfero-
grams from the blackbody were collected on both analog tape and in real time. These
data were reduced to provide an instrument response curve in order to calibrate the
spectral information from the target. Analog voltages from the scanner due to the
blackbody radiation were checked on-site and the radiation recorded on digital tape.

Full calibration procedures were performed at the Air Force Armament Laboratory
using the same blackbody source at different locations, an extended blackbody source,

-nmbe p ofane/xtgende sourcesh, avn g a bouthe ai 0:naneffrare ntuet.Diancwee taknd frad an inen
a propane/oxygen torch, and all three infrared instruments. Data were taken for a
sity levels. Total radiant intensit wn 4 and 5 micrometers, as measured by the

thermopile radiometer, and total radiant intensity between 4 and 5.5 micrometers, asI, summod by the scanner (operated at the same sensitivity and attenuator levels used for
the HAST plume measurements) were found to agree within 18 percent.

The comparison of these data against integrated radiant intensity between 4 and 5
micrometers, as measured by the interferometer, showed the latter, in certain configura-
tions, to yield approximately one-half the radiant intensity measured by the other two
instruments. This occurred consistently for all cases in which the interferometer viewed
an extended source filling the field of view. It was determined that better than 20- percent agreement could be obtained for a small extended source placed in the centcr
of the field of view. :

5
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The interferometer has a sharp drop-off in sensitivity beyond a central solid angle of

5 degrees with the optical configuration used in the HAST measurements. This drop-off

causes integrated values of radiant intensity between 4 and 5 micrometers to be, very

roughly, halved. This factor applied for all the spectral radiant intensity data collected

on the full-scale HAST. The interferometer was only used to measure the 'relative radiant

intensity of the subscale HAST. This correction factor, therefore, is not relevant to the

latter data.

The radiometric data comparison described above is summarized in Table 2. Runs

p 1 through 5 were performed with the interferometer viewing sources filling its field of

F view. In runs 6 through 9 the extended sources did not fill the field of view of the

interferometer. The result was better than 20 percent agreement between the interferom-

j eter and the thermopile radiometer.

6



SECTION III

EXPERIMENTAL RESULTS

1. SUBSCALE HAST MEASUREMENTS

Infrared measurements were performed at sea levei on the subscale HAST engine during
18 firings, two of which included augmentation by the Atlantic Research Corporation POPS
device. The engine was operated at O/F ratios between 1.95 and 4.01 and at total mass
flow rates between 86 and 172 grams per second. Chamber pressures varied between 4.86
and 10.2 kg/cm2 . Six data points were taken at each firing (except for the POPS run,
which only required four). Oxygen (02) and methane (CH4 ) augmentation were evaluated
at static conditions and also with a co-flowing airstream at Mach 0.7 or with a co-flowing
nitrogen stream at Mach 0.3.

This procedure resulted in approximately 100 data points being taken by each instrument
. and allowed the infrared signature of the engine to be verified several ways. Since the data

are similar in many respects, data taken by these instruments are presented in their entirety
for only a few representative firings.

r a. Radiometric Data

The complete set of data collected with the radiometers and the radiometric data
from the scanner are presented in Table 3 which relates them to key engine parameters.
Additional diagnostic engine data taken for each firing included fuel grain size, nozzle dia-
meter and expansion ratio, chamber pressure, characteristic velocity, IRFNA mass flow rate,
total mass flow rate and thrust. These may be found in the CSD final report (Reference 4)
and can be cross-referenced by using the run number. They are not repeated here since
analyses of the data have shown them to have a relatively minor effect on the infrared
performance of the engine.

4 -For each firing of the subscale HAST, Table 3 shows:

(1) O/F ratio

(2) Secondary material injected

Reference

S4. A. L. Holzman and R. A. Jones, High Altitude Supersonic Target (HAST) Infrared
F ,Augmentation, AFATL-TR-75-90, Eglin Air Force Base, Florida, July 1975.

7I 7
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(3) Ratio of secondary to primary mass flow rate (msn/mpn)

(4) Co-flowing air or nitrogen Mach number (M_); with ihe latter flow
condition being designated by the symbol N2 following the Mach
number

(5) The radiant intensity, J, in watts/steradian, between 4 and 5 micro-
meters measured by the radiometers

4 (6) The radiant intensity, J, in watts/steradian, between 4 and 5.5

micrometers measured by the scanner

(7) The figure of merit, ,, in watts/steradian/gram/second, computed
from the radiometer data

(8) The infrared augmentation ratio (Jaug/J)flow is the ratio of the
radiant intensity of the plume with and without secondary injection,
based on the radiometer data obtained with air or nitrogen flow

(9) Injection mode, whether via a discrete number of holes or an

annular slot

The radiometric data shown in Table 3 are those measured by the CSD radiometer.

The latter numerical values were used directly since agreement with the AFATL radiometer

was within 10 percent for every single data point. These radiometric data therefore provide
a consistent standard of comparison for previous and subsequent measurements performed

by CSD.

The static data consistently show 02 injection to produce a fraction of the augmen-

tation produced by CH 4 injection, the latter in some cases exceeding 100 percent. It is
quite certain, however, that these data merely show the enhancement of afterburning by

4 hot CH 4 rather than augmentation of the exhaust plume itself. The static augmentation
data is only recommended for use in determining the extent to which the subscale infrared
plume is an extrapolation of the full-scale infrared plume.

Afterburning is th9 primary radiation mechanism in a rocket engine exhaust plume

at static altitude conditions (Reference 5). Afterburning increases when the O/F ratio is
decreased as more hot unburned fuel is released into the ambient air, causing the large in-

crease in radiant intensity noted at low O/F ratios. The HAST engine operates below

4 Reference
5. D. B. Ebeoglu and C. W. Martin, Effect of Mixture Ratio on UV, Visible and Infrared2 Radiation for Exhaust Plumes, AFATL-TR-75-79, Eglin Air Force Base, Florida, May 1975.

8

Wi



stoichiometry for all presently postulated mission profiles, resulting in significant afterburning

at static altitude conditions. Oxygen injection at static conditions produces minimal infrared

augmentation probably by permitting slightly more efficient combustion of the fuel rich
- •exhaust than with stagnant air. Methane injection, at static conditions. on the other hand,

directly increases afterburning. The effect of fuel injection is the same as lowering the O/F
ratio and thus large increases of infrared radiant intensity are produced.

Afterburning is reduced significantly in an airstream. In the case of an unchoked
exhaust the attenuation is quite severe; reductions of two orders of magnitude are possible
at iow subsonic air velocities (Reference 6). In the case of a choked rocket engine exhauct

in a supersonic airstream, radiant intensity may be reduced by a factor as high as 20.

The air or nitrogen ambient flow data were thus used as the basis for evaluating

the secondary injection plume augmentation technique. The ratio of Jflow/Jstatic gives a
direct indication of the operational HAS'I plume signature attenuation by air velocity in
flight. Normalizing the radiant intensity data of the subscale HAST engine with ambient

"flow, so that J for the plume without augmentation becomes 1.0, permits a direct inaica-
tion of the effectivess of 02 and CH 4 augmentation

The ratio of the plume radiant intensity at static sea level conditions to that in a

subsonic airstream gives an optimistic indication of the attenuation that can be expected in

flight since (a) the air is only at subsonic velocity and (b) the airflow does not fully en-
compass the plume. The data collected with the plume in a subsonic co-flowing nitrogen
stream give a more pessimistic approximation of the ultimate airborne radiant intensity.

Although signature attenuation due to the kinetic effects of a supersonic airstream are not
simulated, the nitrogen stream overcompensates by eliminating all the afterburning that the
HAST engine exhaust could be expected to produce in actual flight at altitude. On the

other hand, it has been shown that radiant intensity increases with altitude (Reference 2) in

inverse proportion to the square root of ambient pressure due to the expansion and increase
in length of the exhaust plume.

Using these criteria for evaluation, the data show that:

1 (1) Augmentation by fuel or oxygen injection depends on the engine
O/F ratio at any ambient condition. With either a coJ, owing airI- or nitrogen stream the data show that fuel injection produces more

I -augmentation at rocket engine O/F ratios larger than about 3.0,

I Reference

6. D. B. Ebeoglu, The Infrared Signature of Pyrophorics, AFATL-TR-74-92, Eglin Air Force

Base, Florida, May 1974.
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whereas oxygen injection is more effective for O/F ratios less
than 3.0. The POPS device, which produces an exhaust rich

in carbon particulates, gives about the same augmentation as
CH 4 .

(2) Maximum augmentation of about 50 to 60 percent is possible,
albeit at different O/F ratios, for either 02, CH 4 , or POPS injection.

I- These measurements are all in co-flowing subsonic streams, and
require secondary total mass flow rates of about 5 to 10 percent
of that of the HAST engine total propellant flow rate. Further
increases of the secondary mass flow rate, of either oxidizer or
fuel, do not measurably increase the enhancement.

(3) Annular or multipoint secondary injection produces higher

augmentation than single hole injection at any condition.

b. Spectral Data

Spectral radiant intensity distributions for either of the HAST engines, for any op-

erating condition, and for any augmentation condition, bear striking resemblances to each

other. Spectra are presented in Figures 6 through 11 for the subscale engine for all six

4 conditions of one run (number 5579) illustrating 0 2 /CH 4 injection, with and without Mach

0.3 nitrogen flow. Figures 12 through 15 show all four conditions of one run (numberI• 5587) with POPS injection, with and without Mach 0.7 airflow.

The spectra show CO 2 radiation between 4 and 5 micrometers, CO 2 and H2 0
radiation between 2.5 and 3 micrometers, superimposed on a strong graybody continuum
peaking below 2 micrometers. POPS injection does not alter the spectral distribution in

any appreciable fashion. The exhaust plume spectra are quite similar to those produced
by a highly fuel rich combustion at which the point of carbon luminosity has been reached.
bFor example, the spectrum of freeburning kerosene (Reference 5)].

In general, the graybody contribution is more pronounced with air or nitrogen flow

than at static conditions. Run 5579 was chosen as an example because it exhibits the larg-
F est difference in graybody level from static to dynamic condition than any other run and

thus best illustrates this point. The change in spectral distribution indicates that afterburning

(which predominates in a static environment) produces more CO 2 and H2 0 emission than hot

carbon emission. As with the radiometric data, the ambient flow measurements give a fairly

realistic representation of spectral distributions that can be expected from t;-, engine in flight.

:1; ; Relative radiation emitted in three spectral bands, 2.2 to 3, 2.2 to 4, and 4 to 5

micrometers are presented in Table 4 for each sequence of each firing of the subscale HAST

engine. These data can be used to assess the distribution of radiation within the 2- to 5-

micrometer band. The data with nitrogen or airflow show that secondary injection of CH 4

10
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and 02 affect infrared radiation in any of these three bandpasses in nearly the same amounts.

The 4- to 5-micrometer band data are generally proportional to the radiometric data presented

in Table 3, although no attempt was made to ensure that the interferometer viewed the entire

plume.

In the case of the POPS tests the interferometer data for the 4- to 5-micrometer

band are directly proportional to the radiometer readings. The spectral data with airflow

show the POPS to augment primarily by increasing graybody radiation when injected into

a high O/F ratio exhaust. Table 4 shows that at an O/F ratio of 2.46 (Run 5587) POPS

is not effective in any band; on the other hand, at an O/F ratio of 3.99 (Run 5588), aug-

mentation in the 2.2- to 3- and 2.2- to 4-micrometer bands is significantly higher than in

the 4- to 5-micrometer band. This suggests that at the lower O/F ratio, the graybody radia-

tion from the engine plume is too high for augmentation by particulates from the POPS

device. At the higher O/F ratio, POPS injection doubles the graybody radiation from the

plume and consequently increases radiant intensity in the 4- to 5-micrometer band.

c. Spatial Data

Typical infrared plume spatial distributions for the subscale HAST exhaust are shown

in Tables 5 through 14. These cover the same two runs which were used to describe the

interferometer data. These data represent one file out of the data recorded on a continuous

time base during each firing sequence. The horizontal increment is 2.54 cm, the vertical

increment is 0.72 cm, and the unit of radiation in each spatial element is 0.01 watt/steradian.

The radiation reflected from the wall behind the engine is evident at the top of the

static plume scans. In order to determine the radiation from the plume alone and assess

quantitatively the contribution of the reflected radiation, a special data reduction computer

program for line subtraction was written and applied to the data. Table 15 compares radiant

intensity with and without reflection for all the subscale engine runs and lists the percent

contribution due to the reflection.

The spatial measurements were all made at the same attenuator and sensitivity

settings in order to obtain a direct comparison of data. The difference between the spatial

distributions of plumes in a static and in a subsonic flow environment are significant. AsI }Tables 5 through 14 typically show, the subsonic ambient flow causes plumes to be reduced

by at least a third in each dimension, and plume maximum intensity per unit area to dropU

at least one-half. Secondary injection without airflow produces augmentation by increasing

plume dimensions as well as increasing radiance, indicating augmentation to be due to a large

extent to afterburning. Secondary injection with ambient flow, on the other hand, does not

appreciably increase plume dimensions - primarily, the magnitude of the scanned matrix elements Q
increase.
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POPS produces a spatially skewed augmented plume due to its being injected at d

relatively high velocity through a single point in the subscale HAST engine exit nozzle. The

POPS injection data also show the low radiant intensity of its own exhaust as it is injected
into the subscale HAST engine plume. The POPS exhaust can be seen in a single vertical

column in the top left-hand side of Tables 13 and 14 (the scanner data being inverted).

For all the ambient flow conditions, Table 15 shows that the subscale HAST scanner
radiometric data agree cioseiy with the thermopile and pyroelectric radiometer data; whereas,

in the static case, the scanner and radiometer data differ by a constant amount. This is due

entirely to aspect angle. The HAST propellant exhaust is highly rich in fuel and particulates

and thus is quite likely to be bptically opaque. Therefore, it is postulated that the radiation

emitted by the plume is proportional to the plume surface area rather than the plume volume.

The radiometers placed at 30 degrees and the scanner placed at 90 degrees view different as-

pects, and thus different size surface areas, of the plume. At static conditions the surface

area of the plume at beam aspect is much larger than that at 30-degree aspect. With a co-

flowing stream the plume length is decreased and the surface area projected at 90 degrees
becomes closer to that at 30 degrees.

2. FULL-SCALE HAST MEASUREMENTS

The full-scale engine infrared measurements were performed over a set of mixture ratios

covering the full HAST inflight operating range. Data were obtained continuously during

operating conditions representing both boost and sustain phase. The secondary injection

cycle is shown in Figures 16 and 17 together with the actual OF ratios at those points.

O/F ratios were obtained by an indirect measurement of the solid fuel flow rate during
firings via a continuous engine-weighing process developed by CSD.

O/F ratios varied between 1.5 and 3.2 during boost and between 3.1 and 2.0 during

sustain phase. Total propellant flow rates were between 1500 and 2200 grams per second

AIL during boost and from approximately 1200 down to 500 grams per second during sustain
phase. Either methane (CH 4 ) or oxygen (02) were injected, both symmetrically and un-

Ii- symmetrically, at two flow rates of approximately 23 and 53 grams per second. Chamber

pressures increased from about 15 to 27 kg/cm2 during boost and decreased from about

13 to 3.5 kg/cm2 during sustain phase.

The only infrared anomaly noted occurred in the first 10 seconds of boost phase. The

1- initial 10 seconds of boost phase is not representative of conditions that can be reproduced
during significant time periods in which the HAST would be presented as an inflight infrared
target. During the first 10 seconds, extra fuel is used for reliable ignition producing an O/F-1- of 1.5. The high infrared radiant intensity produced during this period is due to this extreme-

ly low O/F ratio and also to the exhaust of burned igniter material.

12
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a. Radiometric Data

Figure 28 shows infrared radiant intensity versus time for the boost phase. The
data shown were taken with the AFATL thermopile detector at the 60-degree aspect angle
position. The time profile agrees extremely well with that observed at the 30-degree aspect

*. angle by the CSD pyroelectric detector. Variations in infrared radiant intensity with O/F
ratio and with secondary injection are clearly evident.

Figure 18 shows secondary injection to produce the same effect on the full-scale
HAST engine plume radiation as on the subscale engine at static conditions. Significant
augmentation occurs during CH4 injection, with negligible or negative effects being produced
with 02 injection. As has been indicated, however, these effects are solely manifestations
of afterburning which predominates at static conditions. They are not representative of in-
flight performance.

Table 16 presents the radiometric data obtained between 4 and 5 micrometers by
all of the infrared instruments during boost phase. The injection mode is designated at
Hi 0 (high oxygen), Lo F (low methane), etc. Thermal scanner data were lost due to

saturation during 10 seconds of the run (Figure 18) when its sensitivity setting was erro-
neously changed from 50 to 20. Interferometer data were not taken during the initial
10 seconds. The integrated interferometer readings have been corrected grossly for spatial
non-linearity. The integrated thermal scanner data is presented with and without the reflcc-
tion from the ground, as is the percent reflection. The contribution of reflection differs
with aspect angle and, therefore, these corrections only apply to the scanner and interferom-
eter data which were taken at 90 degrees. Table 16 shows reflection corrected data only
in the scanner column so marked.

Table 16 generally illustrates the variation of radiant intensity with aspect angle in
boost phase. I-his distribution is quite similar to the cardioid pattern observed in a turbojet

-A engine exhaust. Maximum radiant intensity is observed at 60 degrees. Beam aspect is some-
what lower, with 30-degree aspect radiation being lower still. As has been discussed, however,
it is believed that the HAST rocket engine produces a plume that is optically thick, and that
it thus emits infrared radiation which is surface, rather than volume, dependent. Turbojets,
on the other hand, generally emit optically thin, and thus volume dependent, radiation, with
the possible exception being those engines operating at high afterburner power. The variation
of radiant intensity with aspect angle of the full-scale HAST plume, therefore, may not al-
ways exhibit the familiar cardioid pattern in flight.

Figure 19 shows the radiometric performance versus time during the sustain phase,

as observed with the AFATL radiometer at 60 degrees aspect angle. As in boost phase,
the initial 10 seconds are not representative of long-term performance. The infrared time
profile shown, tracks all the variations in engine and injection operation cycles at this aspect
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angle. On the other hand, the output of the CSD radiometer at 30 degrees did not follow4 these variations and did not maintain relative agreement with the 60-degree readings. After

other possibilities were eliminated, it was concluded that these anomalies were due to plume
separation in the nozzle. Separation will occur when the full-scale engine is operated at sea
level and at low chamber pressures during the sustain phase.

Table 17 summarizes all the useful radiometric data obtaine-! during the sustain phase.
Injection modes are designated as in Table 16, with the exception of Asy to mean asymmetric
secondary injection. The interferometer data shown has been corrected roughly for its non-
flat field of view. The 30-degree aspect angle data were discarded since they were dominated
by the separated plume; scanner data were not collected in usable form due to operator error.
The data are consistent with the boost data and subscale engine infrared performance. T
appears to be reasonably constant at a given O/F ratio for this range of operating conditions
indicating that plume radiant intensity varies fairly linearly with total flow rate over a fairly

wide range of flow rates between about 90 and 2200 grams per second.,

b. Spectral Data

The spectral variant intensity distribution of the full-scale HAST engine was deter-
mined to be very similar to that observed with the subscale engine. A representative spectrum
for boost and sustain phase, respectively, are presented in Figures 20 and 21. Relative radia-
tion emitted in the three subdivisions of the 2- and 5-micrometer band are equally similar to
that observed with the subscale engine.

These data support the thesis presented earlier (Reference 5) that all hydrocarbon
exhausts emit infrared energy within a very limited number of spectral distributions, which
change noticeably only at the extremes of O/F ratio. Th,3 HAST engine spectra show that
changing engine size has no effect on infrared spectral distribution. In this case, it can also
be postulated that even changing the oxidizer (from I RFNA to 02, for example) might not

have had an appreciable effect on the spectrum.

c. Spatial Data

The BOFORS infrared scanner has two controls which permit gain to be changed

in steps varying between 2 and 3, provided both controls are set properly. One of these
is electronic and can be controlled from the control panel, The other is in the form of
neutral density attenuators which have to be physically replaced on the camera head itself.
These gain settings determine the size signal that will be registered by each cell in the matrix
of 56 by 94. If the controls are set too low, some cells become saturated, i.e, their output

t •becomes pegged at a maximum level that might be any fraction of the actual radiant inten-

sity falling on the detector. The data in those cells, and probably for the total plum3,
become numerically unusable. If, on the other hand, the controls are set too high, dynamic

range is lost since the output signal from each cell remains well below the maximum possible.
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Usually, these instrument idiosyncrasies do not pose difficulties in that test runs can

be performed in the beginning of a set of measurements to select the controls for optimum
signal output. In the case of the full-scale HAST measurements test runs could obviously
not be made and, since the first phase, boost, was only 45 seconds long, controls had to
be preset based on extrapolations from the subscale data.

The assumptions that had to be made were (1) full-scale engine plume length (to
determine the distance at which to place the detector), and (2) the maximum radiation
expected within a rectangle .. x by Ay on the plume (represented by each cel! of the matrix).S•"These required further ass;umptions of (1) J, (2) the area or volume dependence of the
radiation from the plume, and (3) the relative shape of the visible versus the infrared plume
at sea level. Calculations were then performed using equations developed earlier (Reference
3) to estimate control settings.

Maximum i-ifrared Dlume length during boost phase was estimated to be not more
than 3.66 meters (12 feet), based on linear extrapolations of the subscale engine infrared
and visible plumes, and previous photographs of a full-scale engine plume. A plume-to-
detector distance of 9.14 meters (30 feet) was selected that would provide for a small
margin of error by allowing plumes up to 4.27 meters (14 feet) to be imaged. The scanner
was positioned at a point about 2 meters downstream perpendicular to the .lume axis.

At this distance, Ax 7.5 cm by Ay = 2.13 cm on the plume, producing a cell
having an area of 16.26 cm 2 . The subscale engine data, for an O/F similar to boost phase,
showed plume radiation per unit area to be 1.06 w/st/cm2 . The estimated maximum radia-
tion for the full-scale HAST in the above geometry is then 17.23 w/st per cell. Next, at
9.14 meters the solid angle subtended by the camera can be shown to be 1.33 by 10"
steradians, and the latter two parameters combined to give:

j CF mx 4.36 x 104

which corresponds to an amplifier setting of 50 in conjunction with neutral density attenuator
1/Ko factor of 2465.

It was thus decided to use an attenuator setting of 75 during the first 10 seconds

of the boost, when unusually high exhaust radiation would prevail which did not corres-
pond to a normal engine cycle, and set the control at 50 after the first 10 seconds.

A second estimate was also performed assuming volume dependent radiation and

radiation per unit volume. Naturally, this assumption defined a different set of scanner
gain control settings. This estimate was performed as backup to be used in the sustain

1phase in case the assumption of surface area dependent radiation proved to be inaccurate.-
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The boost phase data for the HAST were successfully obtained at these specific
control settings, indicating the accuracy of the estimates. Conversely, they also proved that

(1) the subscale engir.- plume data could be accurately extrapolated to predict full-scale engine
total radiant intensi .v, (2) the radiation from HAST engine plumes was surface area dependent,
and (3) the maximum radiation per unit area for the subscale plume was the same as that
emitted by the full-scale plume.

The basic scanner data obtainad during the boost phase of the HAST are presented
in Tables 18 through 23. These correspond to the time frames shown in Table 16. The

accuracy of the extrapolation was explicitly proven further when the operator attempted to
obtain data at an attenuator setting of 20 (instead of 50) during the 10 seconds of the run

shown in Figure 18. The four scanner matrices obtained during this brief period had a size-
able number of saturated cells. One of these matrices (taken at t = 29 to 30 seconds) is

shown as an example in Table 24 with saturated cells indicated by asterisks. These four
scanner plots could not be numerically reduced with any accuracy and were discarded from

the final data.

The scanner data just presented were treated additionally to obtain further displays
that can be used for the verification of analytical predictions and for direct comparisons
against the airborne turbojet plume data format. These corresponding displays are presented
in the Appendix. The first displays show radiant intensity versus axial distance along the
plume (also known as station radiation). The secnnd displays present a compact two-dimen-
sional display of plume geometry, with radiant intensity shown as a quasi-gray level. The
third displays give a three-dimensional format with length, width, and radiant intensity pro-
jected on the three axes. The latter display format is presently used to present all BASES
(Beam Approach Seeker Evaluation System) airborne data.

1
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SECTION IV

COMPARISON AGAINST ANALYTIC PREDICTIONS

A variety of models were previously used to calculate plume infrared properties from
propellant and engine design parameters (References 7 and 8). Emissions from hot CO2,
H20, CO and, in one case, particulates, were calculated over a band of infrared wavelengths
between 1 and 8 micrometers, ignoring atmospheric absorption.

Briefly, the first prediction calculations (Reference 9) used a chemical equilibrium pro-
gram called Isp, followed by the Dynamic Sciences Generalized Kinetics Program (GKP)
(Reference 10). The output was fed into a Low Altitude Plume Program (LAPP) (Reference
11) as well as a Naval Weapons Center/Brigham Young University plume model (,Reference 12).
The plumes predicted by these codes were then used as the basis for plume IR predictions
for the HAST engine using two different gaseous radiation band models. These were a code
developed to predict radiant base heating from the plume of NASA's Saturn IV rocket
(Reference 13) and one developed by the Army Missile Command to predict plume IR
signatures of jet aircraft engines (Reference 14).

The first set of predictions were all made for an O/F ratio of 3.2 and cruise mode for
a number of altitude/flight velocity conditions. A valid comparison can be made between
the predictions for sea level static ambient conditions and the radiometric, spatial, and
spectral measurement data for the unaugmented engine operating at an O/F of 3.1 in the
sustain phase.

= References
7. W. J. Rothschild, Analysis of the HAST Rocket Exhaust Plume Infrared and Radar

+ Characteristics, AFRPL-TR-73-16, Edwards Air Force Base, California, May 1973.
8. J. W. Fisher, High Altitude Supersonic Target (HAST) Exhaust Plume Analysis, AFATL-
TR-71-154, Eglin Air Force Base, Florida, December 1971.

H- 9. R. Hall and C. Selph, United States Air Force Rocket Propulsion Laboratory's
U, Theoretical Isp Program, Revised February 1971.

0-; 10. D. E. Coates, H. M. Frey, and G. R. Nickerson, Generalized Kinetic Analysis Program
Dynamic Science, Irvine, California, June 1971.
11. R. R. Mikatarian and H. S. Pergament, Aerochem Axisymmetric Mixing with Non-

equilibrium Chemistry Computer Program. AFRPL-TR-69-167, June 1969.
12. P. 0. Hedman, J. M. Simonsen, and L. D. Smooth, Development and Evaluation of

-W• a Flight Attenuation Model, NWC-TP-5048, November 1971.
13. M. Dash and R. M. Huffaker, A General Program for the Calculation of Radiation
from an Inhomogeneous, Nonisobaric, Nonisothermal Rocket Exhaust Plume, NASA TM-X53-
622, June 1967.
14. H. T. Jackson, An Analytical Model for Predicting the Radiation from Jet Plumes,
Army Missile Command, RE-TR-70-7, April 1970.
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Table 25 compares two of the predicted variations of total radiant intensity (in the
nominal 4- to 5-micrometer band) with aspect angle with the measured data. The radio-4 metric predictions compare within a factor of 2 with the worst error occurring in the
extrapolated calculation. There is no discernible trend to the calculations; they are neither
consistently high nor consistently low.

The predicted pume spatial radiation distributions are in the form of isothermal eon-
tours as shown in Figure 22. It is thus possible only to compare approximate plume lengths
and widths; it is not possible to make station radiation comparisons. The predicted plume
boundary (600 degrees Kelvin contour) is 47 feet long by 2.4 feet in diameter. Even if

the plume boundary is assumed to be at a higher temperature (1000 degrees Kelvin), the
calculations predict a plume of 22 feet long by 0.75 foot in diameter. The actual plume
is considerably shorter (about 8 feet at an O/F = 3.1 in sustain phase with an absolute
measured maximum of 12 feet even in boost phase) and somewhat wider (about 2.6 feet)
in both sustain and boost. Some of the discrepancy may be due to flow separation within
the nozzle that is believed to occur during sustain mode at sea level. However, the predic-
tions differ from the boost data at an O/F of 3.2 where separation is not a problem, and
where the flow rates are higher. There is thus some question as to the validity of more

detailed spatial distribution calculations that could be made based on these predictions.

The spectrum between 1 and 8 micrometers predicted for the HAST engine at sea level
static conditions for a 30-degree aspect angle is shown in Figure 23. These calculations
ignored the contribution of emission by particulates and thus this spectrum differs signifi-
cantly from any of the measured spectra. Abundant graybody radiation is emitted by the
HAST propellant at any flow rate over a fairly wide range of O/F ratios including the one
at which the predictions were performed. This is evident from all the spectra presented int this report and also from Figure 24 which shows a measured spectrum for this type of fuel
and particulate-rich exhaust carried forward to 14 micrometers.

A• Another prediction of the HAST infrared signature was also previously made (Reference
8), this time with graybody radiation included in the calculations. In this instance the
signature was calculated at sea level in boost phase at an O/F believed to be 3.5.

This prediction is based on an equilibrium thermochemical program developed at

Naval Weapons Center (Reference 15) which was input to an equilibrium method of

Reference
[- 15. H. N. Browne, D. R. Cruise, and M. M. Williams, The Theoretical Computation of

Equilibrium Compositions, Thermodynamic Properties and Performance Characteristics
of Propellant Systems. NAVWEPS Report No. 7043, June 1960.
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characteristics (Reference 16) and an equilibrium mixing (Reference 17) program. The results
N of the plume flow-field analyses were finally used to predict spectral radiant intensity distri-
Z1 butions using the compiter solution described in Reference 13.

The radiometric comparison of the data is shown in Table 26. The predicted radiation
ii at 30 degrees aspect angle is off by a factor of 2; otherwise, there is reasonable agreement.

E It is again, however, misleading to compare single radiometric values to see if valid plume
predictions have been made.

Spatial estimates in this instance are limited to a prediction of a maximum plume diam-
eter of about 11 inches, and the determination that the first Mach disc would occur at about

9.9 inches with a shock at about 17.5 inches. This prediction is shown in Figure 25. The

prediction of plume boundary does not agree with the measured diameter of about 29 inches.

The Mach discs and shocks at sea level do not show up in infrared or visible imagery at dis-
crete locations but tend to run into each other creating a luminous core, as shown in the

thermalscanner displays in Section III and in the Appendix. The prediction of a precise
location for only the first Mach disc and the first shock, therefore, is of little practical value

;I and almost impossible to verify.

The last prediction at sea level is of spectral distribution. Spectral radiant intensity
distributions were predicted for two bands, 1.8 to 2.5 and 4.0 to 5.6 micrometers (as shownit in Figures 26 and 27) for the 90-degree aspect angle. These data show more graybody radia-

tion than do the first set of predictions. However, the beginning of the H2 0 and CO 2 band

emissions in the 2.2 to 2.5-micrometer region is much too high and the prediction of graybody

radiation increasing at wavelengths beyond 5 micrometers is wrong; graybody radiation mono-

tonically decreases beyond 5 micrometers.

Taking also into account the gap in the predictions between 2.5 and 4.0 micrometers

can only lead to the inevitable conclusion that these predictions are unsatisfactory. The
method of characteristics prediction technique is really only useful for very high altitude
(well above 100,000 feet) rocket engines exhausts where there is a large distance between

shocks, and the length of the plume to the first Mach disc and shock is of interest.

Its use for sea level or even low altitude plume prediction is questionable.

References
16. M. W. Garbrick, Analysis of an Inviscid Exhaust Plume, Martin Marietta Corporation

Report No. OR 9171, December 1967.
17. M. W. Dowdy, et. al., Missile Exhaust Plume and Shock Layer Studies, Martin -l

-,• Marietta Corporation Report No. OR 10,338, December 1969.
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The lack of agreement between predictions and measurements at static altitude has also

been previously reported for a kerosene/oxygen rocket engine (Reference 18). Causes for

some of the discrepancies have been suggested in this reference. The HAST engine case

points up another major deficiency in the codes used: incorrect predictions of graybody
radiation emission. This point was not evident in the case of the simple kerosene/oxygen
engine exhaust which primarily emitted molecular radiation.,
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Reference
18. D. B. Ebeoglu and C. W. Martin, Experimental Verification of Infrared Plume
Predictions for a Rocket Engine, AFATL-TR-74-191, Eglin Air Force Base, Florida,

November 1974.
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SECTION V

CONCLUSIONS AND RECOMMENDATIONS

1. CONCLUSIONS

A detailed discussion of the conclusions reached from the infrared measurements and
analysis performed on the subscale and full-scale HAST engines accompany the data presented
in Sections III and IV. Following is a summary of these conclusions:

(1) The subscale engine provides a valid spat~al and spectral infrared simulaton of
the exhaust plume of the full-scale HAST.

(2) The full-scale infrared plume performance can be linearly extrapolated from
the subscale data.

T

(3) Co-flowing streams of air or nitrogen provide more valid ambient conditions
for testing the effectiveness of augmentation techniques than do static sea
level conditions.

(4) Oxygen injection produces about a 50 percent increase in radiant intensity

CIE with a Mach 0.5 nitrogen ambient at an O/F less than 3.0 at less than 6
percent primary flow rate.

(5) Methane injection produces about a 50 percent increase in radiant intensity
with a Mach 0.5 air ambient at an O/F greater than 3.0 at less than 6
percent primary flow rate.

(6) Atlantic Research Corporation POPS device produces approximately the
same performance as methane.

(7) Multi-point (or preferably annular) secondary injection is required to
i- achieve the augmentation cited. One-point and even two-point injections

do not give consistent or satisfactory results.

(8) The analytic predictions of the HAST infrared performance made to date
are not valid.

(9) A problem of flow separation exists when the full-scale engine is operated
in sustain mode at static sea level conditions.
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2. RECOMMENDATIONS

On the basis of the data presented in previous sections and the conclusions reached from
them, the following recommendations were made immediately after the measurements:

(1) Perform remaining infrared augmentation experimentation on the subscale
engine with co-flowing air or nitrogen streams; do not perform any further
static tests.

(2) Determine the capability of bi-propellant injection (simultaneous injection
of gaseous fuel and oxidizer) to increase secondary combustion.

t i

(3) Determine the capability of high temperature fuel injection to increase
secondary combustion.

(4) Determine the capability of hydrogen injection to increase the energy
level of emission from the exhaust plume.

2(5) Determine the capability of C02 injection (as CO plus 02 bi-propellant)

- on augmenting C02 radiation.

(6) Increase the ratio of secondary to primary propellant flow rate for all
techniques to determine optimum augmentation, i.e., beyond the 3 to
6 percent originally proposed for fuel or oxidizer injection.

(7) Determine the capabilities of IRFNA as well as 02 injection (in order
to make use of on-board oxidizer and thus reduce HAST payload).

(8) Establish a verified analytic prediction capability in line with previous
recommendations (References 1, 18).

Most of the steps recommended above were performed between February and May
1975. The results of these experiments are reported in the CSD report (Reference 4).
In summary the data show that:

(1) Bi-propellant injection [high temperature methyl acetylene-propadiene
(MAPP) gas and oxygen as well as methane and oxygen] produces 300
to 600 percent augmentation with Mach 0.5 airflow.

(2) Hydrogen injection gives quite similar performance.

] (3) These performances are achieved for approximately 20 percent secondary
1 to primary ratio of flow rates. Augmentation does not increase appreciably

22I°



at higher secondary flow rates; augmentation is reduced at lower secondary
flow rates to about the monopropellant performance at 3 to 6 percent

secondary to primary ratios.

(4) Increasing monopropellant injection flow rates does not increase augmentation

measurably.

(5) High temperature fuel (MAPP) injection by itself gives about the same

augmentation performance as methane.

(6) MAPP/oxygen injection produces approximately twice as much augmentation

as methane/oxygen.

(7) C02 injection does not give appreciable augmentation.

k 1(8) IRFNA injection decreases the infrared radiant intensity as does any liquid
fuel or oxidizer injection tested to date.

SThe bi-propellant and hydrogen injection results show the feasibility of producinq
significant augmentation by maximizing secondary combustion in the plume. Augmenta-
tion improves by an order of magnitude in a non-afterburning environment indicating that

the same performance can be sustained during flight. Bi-propellant injection can therefore
be considered a possible major breakthrough in infrared augmentation technology.

It is thus finally recommended that the technique be evaluated on a subscale HAST
engine in an environment simulating flight altitude as well as air velocity. It is also
recommended that the applicability of the technique to augment other primary propellants

=I and engines be investigated. The feasibility of the concept of augmenting through secondary
combustion has been shown. The technique of bi-propellant injection should be exploited

- for as many other target systems as possible.

1A

3

23



LIST OF REFERENCES

1. Report of the Plur.e Emissions Panel Advisory Committee to the Air Force Systems
Command, National Academy of Sciences, June 1973.

2. D. B. Ebeoglu, Fundamental Parameters Affecting Plume Infrared Radiation, AFATL-
TR-74-84, Eglin Air Force Base, Florida, April 1974.

3. C, W. Martin, R. F. Askew, and D. B. Ebeoglu, Operation of an Infrared Thermal
Scanner for Plume Measurements AFATL-TR-74-204, Eglin Air Force Base, Florida,
December 1974.

4. A. L. Holzman and R. A. Jones, High Altitude Supersonic Target (HAST) Infrared
Augmentation, AFATL-TR-75-90, Eglin Air Force Base, Florida, July 1975.

5. D. B. Ebeoglu and C. W. Martin, Effect of Mixture Ratio on UV, Visible and Infrared
Radiation for Exhaust Plumes, AFATE.TR-75-79, Eglin Air Force Base, Florida, May 1975.

6. D. B. Ebeoglu, The Infrared Signature of Pyrophorics, AFATL-TR-74-92, Eglin Air Force
Base, Florida, May T974.

7. W. L. Rothschild, Analysis of the HAST Rocket Exhaust Plume Infrared and Radar
Characteristics, AFRPL-TR-73-16, Edwards Air Force Base, California, May 1973.

8. J. W. Fisher, High Altitude Supersonic Target (HAST) Exhaust Plume Analysis, AFATL-
TR-71-154, Eglin Air i-orce base, F-lorida, December 19/1.

9. R. Hall and C. Selph, United States Air Force Rocket Propulsion Laboratory's
Theoretical Isp Program, Revised February 1971.

10. D. E. Coates, H. M. Frey, and G. R. Nickerson. Generalized Kinetic Analysis Program,
Dynamic Science, Irvine, California, June 1971.

11. R. R. Mikatarian and H. S. Pergament, Aerochem Axisymmetric Mixing and Non-
equilibrium Chemistry Compguter Proram, AFRPL-TR-69-167, June 1969.

12. P. 0. Hedman, J. M. Simonsen, and L. D. Smooth, Development and Evaluation of
a Flight Attenuation Model, NWC-TP-5048, November 1971.

13. M. Dash and R. M. Huffaker, A General Program for the Calculation of Radiation
"from an Inhomogeneous, Nonisobaric, Nonisothermal Rocket Exhaust Plume, NASA-TM-X53-• 622, June 1967.

14. H. T. Jackson, An Analytical Model for Predicting the Radiation from Jet Plumes
Army Missile Command, RE-TR-70-7, April 1970.

15. H. N. Browne, D. R. Cruise, and M. M. Williams, The Theoretical Computation of

Equilibrium Compositions, Thermodynamic Properties and Performance Characteristics
of Propellant Systems, NAVWEPS Report No. 7043, June 1960.

16. M. W. Garbrick, Analysis of an Inviscid Exhaust Plume, Martin Marietta Corporation
Report No. OR 9171, December 1967.

17. M. W. Dowdy, et. al., Missile Exhaust Plume and Shock Layer Studies, Martin
Marietta Corporation Report No. OR 10,338, December 1969.

18. D. B. Ebeoglu and C. W. Martin, Ex erimental Verification of Infrared Plume
Predictions for a Rocket Engine, AFA L- R-74-191, Eglin Air Force Base, Florida,il November 1974.

• 24



I 0

/ ,

\7• ~. -W/ "

w cu/x CD
cva)

00E

U. cm

C UC

25I

/ 03

-I--



00

y. o

0. 0

/ .)

LU,[Ilk. / C
N T

N I *0C

2 N6



IIhe moplMot on Pi

~ ~~~ -Radi om eter_ iy roelectrim) 
I t r e o e e

44
S c a n n e

t It'l

F igure 3.



- - "-Motion Picture Camera

I ,~nterf eronieter

Suhscale NAST Engine-~

4- d
' M.

w ~

............

Y~A' 2L~ ______

Fiur 3.Sbcl TEgn/nrre ntuetto ragmn

__ -\~ "~ ~27



-. 
M

-:Interf erometer'

-'Radii
Therm

o" -

Figure 4. Full-Scale HAST Engi~ne/lnfrarei



L_ AT,

IFI

~-ln-teiferome er~ Moio P aea

;-sc anner MtinPcueC er
Thrnple)

11t me Exit ln

R-W

Figure 4. Full-Scale HAST Engine/Infrared Instrumentation Arrangement

28



0 i

ccS c LrO
Ic.

U) -0

C))
CC

A 0-

CLC

2wU_-

iin

C 
U

LO c 0 .0)

0 CLU

c arI II .

LO CDIz

710



A 0I

CC 0

UIL LIIY z

U))

0

wN >
ww1-

WW z 
Z

0*f 
C.)

z.dr liii cc x CC

zZ~3~ILL

Vch . <

in c r

jO~~1iIU3.LSIM A-LISN3J-N I NV1GVIA 1VUIL~SiN~Vd

30



IF
zk

4-

cjccc CCw

FIELO CD CY)J

r-~ C~oU)CD

co Zv LC)

_. I- I

U) - - - >
(N co

Z 2CZ

Z z zz VI)

z 000 LL.

Lo LL LL LL
W LL U- U

C5 6 www L

0Z cc:Wcr

U) < < -

zco CLCLC
CL0-a

831IN0801INJ-83IS/M k1ilc' UNJ INVIGVH lV8-L03dS LN38VddV

31



I ~in

LL

0

C.)

I F--I

0

LU) co C) LO
I-) ir- ()E

_ E-

CD a

z
w (M

co4Cý-r> L
-Iw

U InInw
1OIIL-3SMAiSUN NIVl1ViOd L~~d

Z zz
-Iz

ui <32



z
cl)
0

X Ir
Ij Z LJ WE

r- wl ~

Z En

<0)0

00CV) «<

ui >

W U

-Il-
ii F



0
U-

z
ce)
d

W -C

0L .
Il CnO C.) -

A ~ r- CN I*-

zz
< E

0o CV) LD
CN' z

w W

z zzz W
m cu

z 00
Wi <

ccm r

ill I(nW
<a

11< 0
L) z cc ..(nz<1

LA

J313VOO~I3W-H3JS/M AIISN3iNI iNVIGVU I VUJ10dS IN3)iVddV

34

MI



L.2
LL

I Ci

W c U

AWIU.J Hl LL
Fi-I 2:

0 001r
N( Oc4) a

z

V) cv,.r CL

wU (1)ii H ZZZ

z000 0illu < <<<-
U)-

Lc) HF-H L

< __

Z

Li, + m N 9-

-I 13LRJOUDI1A1-H31S/M AIISN31NI INVICV8IJ VU103dS IN~uVddV

35



0
LL
0

----------- z

Vc

0

.4-.

U

Lr) N J l' L)

0) U)

z LL
a)0y)' -Lt ) w C,

w~- -L zz:

i ZZZ UU)

z zzz
Z 000

ZOWw

00W ULLU-

cr)

la -L LL

w U') L LL L
H L3AIUIV-3i/ AIWN.N ±NIVI1LJ.3S±U~d

< 36

1-r C



IL

0

'4' I-CY c

0) 6

<.- - - ,

0 CL
U v) it OzC

-U >
0Z Z~'L Z <

LLJ wL ~ju

w <w

cc c crU)

LOULL LI. a,
Z W LL LL LL

0Z cccr c-

in mU

833INOU0IN~-H3LS/M AIISN3J.NI INVIQIVI lVHU13~dS IN3HVddV

37



0

F- 4-

CL
0

WWW 00 V

E

<1 CL

-- 0i

w > wL

w <<
ui -

(nn
<O31-Ii/ oIS3N ULVG~ 1Vi33Si3)~d

X C* u uj38

LOU -j



Ln

:4 0
0z

ts U,

U)

0)L
7- c'

Luj

I-C

LI.

Lu L6

9- 9-

CO LLJ W39
u:c~ ~ 1L / LOS 3JN LNLO L$j )d LLN 

3d

'IU) 
LLLU

Iu L



V

4.0

CH4  0

30 m Oxidizer

0C

0

CL

2.04.

5.0

1.0 0/F

44.
3.0

10 0/

00 10 20 30 40 50 60

Test fluratior', Sec

Figure 16. Full-Scale HAST Engine - Boost Phase Duty Cycle

40



C H4 (Typical)-

_CH4 (Typical)

"02 (Typical)

CH 4 Single Point Injection (Typical)

02 Single Point Injection (Typical)

2.0 L2.nim Oxidizer 5.0

.4.

u.f 
3.0

j. 11.0/
L Fue

•2.

0 0
0 20 40 60 80 100 120 140

Test Duration, Sec

ii_

Figure 17. Full-Scale HAST Engine - Sustain Phase Duty Cycle

41

[US-41



-0

E

i0

-- O

0 'A

00

4,ý

tN 'A
o 0

0)
00

0)

4, E

- 0-

oc

4-

z -;
'I3

LL

U1

-4-:I i 42



- rvn-~ '~kW r~ ~r~ E

-- - ---- _____ _ _ ~ -E

C 
a

tv7

4-3



Ulf

EI

occcuw~ 'U I

0 CL
cc cc M CC

wlu U,

z 0
LO 1 1 1 w

Li. w

I-ZZZ
W H HI 0)

F- C.Z,

( n cooi
0 < <

M U-to -w F

LL LLLLZ4 ~ wWL
IU 11L
Iu<

C/ . LC

313VOUOI~VY-U3S/M AIISN3.LNI INVICGVU lV10.3JdS IN3H~ddV

44



C.)

CU

Ir-
wM a

0

I-c C'C'L 0'

0) LI Lz cr

131
00 OC

U) L

U)W CNIK

ILLV)<
Z) )Cr: ccww

(n LLC ,N

I~~f 8~1OU3IV~iI31S/M AISNLN C-)V 1HOd 1~~d



0

C c

LE

iz 
0

o) -C.

go4 
M-

CDC

0 co

Bo.ll1 Nepe

46o



4-4

c) 10~

E
0

C-D

ci)

CC

.4U) 101

J 1001

IWavelength in Micrometers V

f Figure 23. Predicted HAST Plume Spectral Radiant Intensity4
at 30 Degrees from Tail-i to 8 Micrometers

5- 47 -



cju

CV)

E
0

£ - 0

CL,

7E

U..

_0

a)

6.. 0
0

4-.

CN

ini

4 48



nv-

ca N

-41

0a 0 0

-oo.

C -C

C0 0 0
- n -4

14-

04-

I- CL

CC

0O

-44nC

Caq~l snpe

49 U



120

10

- s50

90Deg---- Asec Angle



105

103

N 90-Degree Aspect Angle

102

10

•|. Wavelength in Micrometers

S .9Figure 27. Predicted HAST Plume Spectral Radiant Intensity

, •_4.0 to 5.5 Micrometers (Sea Level Static)

S51
(The reverse of this page is blank)

-l



"TABLE 1. TIME SEQUENCES FOR FULL-SCALE HAST ENGINE SECONDARY
INJECTION FOR BOOST AND SUSTAIN PHASES

Time (Sec) Sym Valve Hi CH4  Lo CH 4  Lo 02 Hi 02

BOOST SEQUENCE

5to6 * * * * *
7 to8 * * * * *

14 to 15 On * * * *

21 to 22 On * * * *
26 to 27 * On * * *
29 to 30 * * On * *
32 to 33 * * * * *
35 to 36 * * * On *
38 to 39 * * * * On
41 to 42 * * * * *

SUSTAIN SEQUENCE

0 to2 * * * * *

2 to9 * * * * *
9 to 10 On * * * *

10 to 13 On On *
13 to 16 On O On
16 to 19 On * *

19 to 22 On On
22 to 23 On * *

23 to 26 On * On
26On * * * *
27 to 28 * * * * *
28 to 31 * * On * *
31 to34** **

34 to 37 * * * On *
37 to 49 * * * * *
49 to 50 On * * *
50 to 53 On On * * *
53 to 56 On * On * *
56 to 59 On * * * *
59 to 62 On * * On *

62 to 63 On * * * *
63 to 66 On On
66 to 67 On * * * *

67 to 68*68 to 71 **On**
E=:!•=J"71 to 74** **

74 to 77 * * * * *
77 to 89 * * * *

89 to 90 On * * * *

i
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TABLE 1. TIME SEQUENCES FOR FULL-SCALE HAST ENGINE SECONDARY
INJECTION FOR BOOST AND SUSTAIN PHASES (CONCLUDED)

Time (Sec) Sym Valve Hi CH 4  Lo CH 4  Lo 02 Hi 02

SUSTAIN SEQUENCE

90 to 95 On On * * *

95 to 100 On * On * *
100 to 105 On *

105 to 110 On * On *

110 to 111 On * * * *
111 to 116 On * * * On
116 to 117 On * * * *
117 to 120 * * * *
120 to 125 * * * * *
125 to 130 * * * * *
130 to 135
135 to 140 * * * * *

*Off

i--
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TABLE 2. INFRARED MEASUREMENT COMPARISONS

AGAINST AN EXTENDED SOURCE

BOFORS Radiometer Interferometer
Scanrner (Thermopile) Spectrometer

4 to 5.5pj 3.9 to 5.01, 4 to 5t,

Plume 1 5.85 5.49 2.79

Plume 2 6.29 5.89 2.91

Plume 3 11.3 9.63 4.49

Plume 4 17.1 14.5 5.57

Plume 5 2.64 2.73 1.16

Plume 6 29.3 25.8 21.72

Plume 7 52.0 52.4 46.86

Plume 8 19.2 17.2 14.42

Plume 9 33.9 30.4 24.71

All units are radiant intensity (W/Ster).
Plume size of propane/oxygen torch was 1 to 3 feet.
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SUBSCALE HAST RANGE(OET)= 3.513 M

RUN=579 FILE=477 RANGE (FRONt OF CAMERA)= 3.05 M SENSITIVITY= 75 ATTENUATION= 620 POWER=2.72

3 3
3 3 4 7 3 3 4 4 9 7

3 4 4 4 4 3 4 4 4
3 3 3 3
3 3 3 3

3 3 3
3 3 3 4 7 9 4

3 3 4 4 4 3 3 3 3
3 4 7 7 9 16 9 4 3 3 3 3 3

3 3 4 9 9 9 4 4 4 9 7 4 4 3 4 3
3 3 4 4 4 9 7 7 4 4 4 7 7 7 9 9 £2 9
3 4 4 9 9 12 12 10 9 10 9 9 10 7 4 4 4 7
3 4 9 23 29 15 12 15 £0 9 9 12 £0 12 12 9 9 9
4 7 12 20 29 21 10 9 9 12 23 21 12 20 23 15 12 2£

3 4 9 10 15 24 23 20 23 29 24 29 15 15 21 29 35 33 27 £0
3 4 7 £2 24 31- 35 35 37 40 37 35 37 52 58 35 15 9 9 £0

3 4 10 37 58 54 58 64 58 43 57 64 71 64 52 40 4C 47 24 29 21
3 3 4 7 £0 23 41 58 67 64 44 43 47 60 64 54 52 41 32 35 35 29 29
7 7 9 10 L5 29 54 69 61 72 78 66 71 72 71 58 58 64 57 52 47 35 20
9 £2 £2 15 32 61 78 86 94 89 91 77 64 72 69 69 64 60 61 57 35 24 29

15 27 33 35 54 72 97 105 98 101 72 78 78 72 78 72 58 58 60 66 64 49 41
23 40 44 49 58 83 97 109 95 97 98 101 103 86 83 54 54 71 72 58 54 44 33
23 40 47 58 64 78 ±03 115 118 118 98 98 89 83 95 95 86 78 64 49 66 77 67
16 35 41 4S 58 72 98 106 £09 120 118 111 11£ 109 97 83 83 89 78 77 71 72 64
16 24 32 40 54 86 101 106 103 103 109 109 109 97 97 101 89 78 81 72 64 58 66
4 9 12 23 35 60 97 103 98 97 103 98 98 89 78 94 78 71 64 58 72 54 58
4 4 10 27 37 40 57 74 98 98 101 89 72 74 67 57 58 71 78 72 58 49 54

4 23 46 41 47 54 72 64 54 58 72 72 60 58 54 35 20 23 29 35 33
7 24 33 30 44 54 58 61 69 61 58 72 71 61 54 40 30 37 4± 37

4 9 23 29 29 37 47 54 55 49 49 55 49 47 54 46 37 44 54
3 9 9 9 12 16 23 33 37 44 40 46 35 24 21 23 27 24
4 9 12 10 15 21 32 29 21 I5 21 20 24 12 10 10 L2 18
4 12 16 20 12 9 9 9 10 L6 24 29 27 24 27 23 24 23

4 7 7 10 15 16 20 20 20 12 L5 23 15 9 9 12 23
3 4 4 7 4 9 12 9 4 4 12 15 15 12 £2 12 153 3 7 9 7 4 4 4 4 7 9 12 £0 £2 4 43 3 4 3 4 4 4 4 4 7 9 12 15 £2 4 4

3 3 4 4 4 3 4 4 4 4 4 4 4 9 9 9
3 3 7 10 21 9 7 4 9 7 10 9

3 3 3 4 3 4 3 3 4 4 4 7 7 7
3 7 9 4 3 4 '4

4 4 q 7 4 4 a
4 4 4 4 4 4 '4

3 3 4 4 4

COLUMN NO.=
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 ±8 19 20 21 22 23 24 25 26 27

0.0 0.0 0.0 5.1 10.2 L5.2 20.3 25.4 30.5 35.6 40.6 45.7 50.8 "55.1
0.0 0.0 2.5 7.6 12.7 17.8 22.9 27.9 33.0 38.1 43.2 48.3 53.3

EXIT PLANE IS IN COLUMN 5,FIELO OF VIEW CENTER IS IN COLUMN 28 HORZ INCREMENT= 2.54 CM VERT INCRE4ENT=
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TABLE 5. SUBSCALE ENGINE PLUME SPATIAL DISTRIBUTION -NO INJE

3.513 M

"ER 2.72

3 7 4 3 4 3
3 4 7 9 7 4 4

4 4 9 7 3
S 3 4 4 4 4. 7 4 3 3 4 7 3

3 3 4 4 4 7 6 9 10 9 10 7 3 3 3 4 4 3 3
3 3 4 7 7 7 4 3 4 '4 4 4 7 4 7 7 9 9 4 3 3 3 3

3 4 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 U.
4 7 9 4 4 4 3 3 3 4 4 4 4 7 7 4 4 4 4 4

3 3 3 4 7 4 3 3 3
3 3 3 ' 4 3 4 4 4 4 3 3 3 3

4 4 3 4 3 34 4 7 7 4 4
9 9 12 9 4 4 4 4 4 7 9 9 7 4 3 4 3
7 4 4 4 7 94 4 9 9 9 4 3 3 3 3 3

12 9 9 9 9 10 12 15 9 3 3 3 4 4 4 4 4 3
023 15 12 21 23 2Z2 2C 15 12 10 7 7 9 9 9 7 4 4 '4 3 3 3
9 35 33 27 10 9 9 IC 10 10 1 a 9 4 4 4 4 7 7 9 9 9 9 4 '4 3

15 9 9 10 10 15 23 23 12 9 9 9 12 12 9 9 4 4 3 4 4 4 7 7 4 4 4
.47 24 29 21 16 15 15 12 15 15 15 15 9 9 4 4 3 3 4 4 4 4 4 3 3 4 4 3 3

235 35 29 29 24 29 4 33 40C 32 23 23 23 15 9 9 9 9 7 4 3 3 3 4 4
752 47 35 20 20 24 23 27 15 15 12 12 9 9 9 9 9 9 9 9 10 9 9 7 4 4 31 57 35 24 29 27 29 29 33 29 24 24 32 33 29 2Z 423 16 15 9 9 1 4 4 4 4 4 7 9 9 4
0 66 64 49 4.1 37 40 40 33 29 23 23 23 23 12 12 9 4 7 4 4 7 4 4 4 4 7 7 4 4 458 54 44 33 29 29 23 23 21 23 15 12 15 12 9 9 9 4 3 3 4 4 4 4 4 4 4 3 3 3
4 49 66 77 67 60 54 55 58 58 40 24 15 9 9 10 9 9 9 7 4 4 4 3 3 3 3 3

77 71 72 64 54 58 58 47 44 37 37 4.4 29 23 20 15 15 9 9 10 12 15 10 9 7 3
1 72 64 58 66 72 64 58 46 4 C 29 24 29 24 23 24 24 23 20 15 12 10 12 10 9 9 9 3 3

58 72 54 58 58 52 4.3 35 33 35 37 41 24 27 27 23 16 15 16 20 15 15 15 9 9 9 7 7 9 9 1
72 58 49 54 58 54 32 23 23 23 16 15 15 20 23 23 23 24 15 9 9 9 9 4 4 4 4 4 4 4
23 29 35 33 37 46 47 29 16 12 9 9 10 10 9 9 110 10 10 9 9 7 4 3 3 4 3

0 30 37 41 37 27 16 15 12 12 15 15 15 29 15 10 9 9 7 4 3 3 3 3 3 3 3 3 4 44 46 37 44 54 52 37 29 27 24 21 15 15 12 9 10 12 15 12 9 7 7 9 9 4 44 21 23 27 24 29 29 23 IE 12 15 15 21 24 23 29 24 23 15 9 9 4 4 4 4 4 4 4 '4 4 4
210 1 12 18 23 29 24 12 9 12 15 10 9 9 9 9 .12 12 9 7 7 9 9 9 9 7 3
2 27 23 24 23 23 33 41 29 20 1C 7 7 9 10 9 9 9 9 9 7 4 3 4 4 ,4 4 4 '4 4 '4
5 9 9 12 23 27 35 41 33 9 7 9 9 10 10 10 10 12 15 15 12 10 9 4 4 3 3 4 4 312 12 12 15 20 12 12 10 7 9 9 '4 4 4 7 9 '4 '4 6 9 9 7 4 4 4 4 4 4 4 4
210 12 4 4 4 4 7 '4 7 '4 7 9 9 7 7 4 4 4 3 4 4 4 =4 '4215 12 4 '4 '44 '4 7 6 9 7 4 7 4 =4 7 '4 3 '4 3 3 3 3 3 3 34 9 9 9 4 4 4 4 4 4 7 9 9 4 4 '4 4 3 4 3

9 7 10 9 4 3 4 4 '4 4 4 3 3 4 3 3 3 4 4 4 7 '4 4 '4
.4 7 7 7 4 4 . 44 7 3 3 3 3 3 '4 4 4 3 4 3 3

3 4 4 4 7 9 9 10 1[c 4 4 3 4 .4 3 3 3
4 '4 3 4 3 4 4 7 9 9 7 '4 4 =4 3 3 3

4 4 4 4 4 4 3 3 3 4 4 '4 4
3 4 4 4 4 3 3

3 4 4
3

3 24 25 26 27 28 29 30 31 32 34 34. 35 36 37 38 39 40 '41 42 43 44 45 46 47 48 49 50 51 52 53 S
5e4 50.8 55.9 61.0 66.0 71.1 76.2 81.3 86.4 91.4 96.5 101.6 106.7 111.8 116.8 121.9748.3 53.3 58.* 63.5 68.6 73.7 78.7 83.8 88.9 94.0 99.1 104.1 109.2 114.3 119.4 124.

ER1 INCRE4IENT= .72 CN
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TABLE 5. SUBSCALE ENGINE PLUME SPATIAL DISTRIBUTION -NO INJECTION, NO FLOW

Lot

UNI7S=WAT1SfSTER X

BACKGROUND= 153

-7 4 3 4 3 25 27
3 4 7 9 7 4 4

3 3 4 7 3 73 30
6 9 10 9 10 7 3 3 3 4 4 3 3 L0S 31

-7 4 3 4 4 4. 4 7 4 7 7 9 9 4 3 a 3 3 119 1
-3 3 3 4 4 4 4 4 4 4 4 k 4 4 4 4 4 81 3

3 3 4 4 4 4 7 7 4 4 4 4 4 3 3 106 34
4 4 7 4 3 3 3 3 60 35

4 4 4 4 3 3 3 3 116 36
-7 * 4 116 37

4 4 7 9 9 7 4 3 4 3 17938
9 2 9 4 3 3 3 3 3 199 39

9 3 3 3 4 4 4 4 4 3 298 40
12 IQ 7 7 9 9 9 7 4 4 4 3 3 3 452 41.
H010 9 4 4 4 4 7 7 9 9 9 9 4 4 a 542 42
.2 92 9 9 .0 0 9 9 4 t1 3 4 4 4 7 7 4 4 4 3 733 43

-5 15 5 15 93 19 4 4 3 3 4 4 4 4 4 3 3 4 4 3 3 r 44
-40 322Z3 232 ± 9 9 9 9 7 4 3 3 3 4 4 114 4
5 15 12 1.2 9 9 9 9 9 1 9 9 10 9 9 7 4 4 a 1348 46

29 Z4 24 32 33 29 24 23 16 15 9 9 7 4 4 4 4 4 7 9 9 4 4 1705 47
-9 23 23 23 23 £2 £2 9 4 7 4 4 7 4 4 4 4 7 4 4 4 4 4 1863 48
21 23 15 12 o5 12 9 9 9 4 3 3 4 1 4 4 4 4 4 3 3 3 1882 49
758 40 24 L5 9 9 10 9 9 9 7 4 4 4 3 3 3 3 3 3 3 2268 50
4437 37 44 2923 20 15 15 9 9 10 12151.0 9 7 3 3 ~ 435 51.40 29 2' 29 2423 242Z423 20±15 121012 10 9 9 9 3 3 3 ~390 5
43 35 37 41 24 27 27 23 16 15 16 2C 15 15 15 9 9 9 7 7 9 9 10 12 ~11 53
23 23 16 15 15 20 23 23 23 24 75 9 9 9 9 4 4 4 4 4 4 4 4 4 L8as 54
616 2 9 9±010 t 9 91to10o1010o 9 9 7 4 3 3 4 3 3 1282 55

A2 15 15 15 20 5 10 9 9 7 4 3 3 3 3 3 3 3 3 4 4 4 3 1182 56
421 151IF12 9 1012 15 12 9 7 7 9 9 4 4 1110 57

.-12 15 15 2± 24 2 " 29 24 23 15 9 9 4 4 4 k 4 4 4 4 4 4 4 794 58
9 1215±10 9 9 9-1.2 12 9 7 7 9 9 9 9 7 3 5 08520 iC 7 7 9 ±0 9 9 9 9 9 7 4 3 !f 4 4 4 4 4 4 4 4 4 6Z 6 6
9 7 9 9 10 ±0 10 ±0 ±2 15 15 ±2 £0 9 4 4 3 3 4 4 3 545 61
7 9 9 4 4 4 7 '3 4 4 6 9 9 7 4 4) 4 4 4 4 4 4 4 4. 339 62
7 4 7 9 9 7 7 4 4 4 3 4 4 4 4 4 4 4 215 63
6 9 7 4 7 4 4 7 4 3 4 a 3 3 3 3 3 3 15 64

-4 4 7 9 9 4 4 4 4 3 4 3 5
4 4 4 3 3 4 3 3 3 4 4 4 7 4 4 4 176 66

7 3 3 3 3 3 4 4 4 3 4 3 3 122 67
10 IC 4 4 3 4 4 3 3 a 11.165

3 4 4 7 9 9 7 4 4 4 3 3 3 y 9

444
I..

12 2 34 34 35 36 37 38 39 40 41 42 43 144 45 46 47 48 49 50 51 52 53 5'. 55 56
5 71.1 76.2 81.3 86.4 91.4 96.5 101.6 106.7 111.8 116.8 ±21.9 127.0

73.7 78.7 83.8 88.9 94.0 99.1 104,1 109.2 114.3 ±19.4 124.5 129.5
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SUBSCALE HAST RANGE(OET)= 3.513 M

RUN=579 FILE=483 RANGE (FRONT OF CAMERA)= 3.05 n SNSITIVITY= 75 ATTENUATION= 620 POWER=2.72

4 4. 3 4 3
3 3 3 4 3 3 3 4 4 3 3

3 3 3 3 3 3 3 4 4 4 4 4
3 3 3 4 4 4 3 4 4 4 4 3 4 9 4 3 3

3 3 4, 4 4 4 4 4 7 4 4 4 4 4 4 4 4 3 3 4
3 4 4 4 4 4 4 7 9 9 7 4 7 9 7 9 9 7 7 4

3 3 4 4 7 9 9 10 7 9 12 15 9 10 21 21 15 9 9 9 7
3 4 4 7 9 9 9 9 10 15 15 18 23 20 29 23 9 9 9 10 12 10 1
3 4 7 9 £2 15 15 21 24 20 23 24 23 23 23 23 24 30 23 23 20 9
4 9 9 10 15 23 29 35 46 29 29 35 32 23 21 20 12 20 23 23 21 23 2

3 4 1.2 23 23 3f 33 40 32 27 30 37 35 27 21 16 23 27 35 23 15 23 23 1
3 4 4 12 44 52 47 47 46 57 49 58 54 35 35 35 47 52 64 54 35 23 15 15 1
4 7 9 21 58 66 72 83 78 64 64 89 83 58 32 33 41 35 35 27 33 35 33 35 2
7 £0 23 49 86 94 91 8£ 74 83 83 69 74 66 64 61 58 46 47 40 40 37 40 40 3

£2 32 54 6Z 98 £03 108 £09 £01 97 £08 83 60 69 72 69 6£ 54 54 46 40 35 27 24 2
9 23 47 6. £03 120 123 £06 £09 148 £18 £14 ?5 6 169 72 72 64 64 58 58 78 64 37 15 3

2 46 84 £08 134 128 123 134 • £4 £08 103 19 £. 6 £08 78 78 72 72 91 8£ 72 61 40 33 2
-23 41 7' 95 £ 9 115 109 £14 i11 114 £22 £15 £09 94 78 69 72 £7 72 61 60 6£ 57 37 3
15 30 58 84 £03 128 £06 98 103 111 ill £109 89 84 83 72 1 61 60 57 47 29 29 3
4 15 35 69 72 86 £03 98 £06 89 86 89 83 89 86 72 58 72 77 47 46 46 46 40 3
3 9 12 35 61, 6 78 83 89 84 84 77 83 9 83 58 58 71 72 69 58 54 54 37 2

3 7 15 37 49 54 49 64 72 71 60 69 4 78 89 86 58 47 35 37 44 40 33 4
4 12 23 35 40 46 49 49 41 46 58 64 58 64 54 52 52 49 44 33 33 33 4
3 4 05 29 29 33 37 60 54 37 35 29 35 3.3 46 47 58 72 54 33 37 29 2

3 4 9 12 23 23 29 33 17 29 29 24 23 32 40 46 54 60 54 29 2t I
3 4 4 7 9 10 23 3 23 33 23 37 47 47 40 24 29 35 23 21 2

3 4 4 9 9 9 10 9 9 7 9 23 24 15 I0 9 9 10 15 1
4 4 4 4 4 10 9 4 4 9 10 15 27 40 41 32 23 7

3 3 3 4 4 7 9 9 21 £6 15 9 9 9 7 9 £2 1
3 .3 3 3 3 4 4 4 It 4 7 10 9 9 4 4
3 3 3 3 4 4 3 4 :3 3 4 4 7
3 3 3 3 4 7 4 9 1.j 21 9 7 4 9 1&

3 Z 4 Zý 7 '4 4 9 1E I
3 3 3 3 4 4 I

-J 3

COLUNN NO.=

1 2 3 4 5 6 7 8 9 10 11 12 £3 14 15 16 17 18 19 20 21 22 23 24 25 2( 27 28 2

0,4 0.0 0.0 5.1 10.2 15.2 20.3 25.4 30.5 35.6 40.6 45.7 50.8 "5.9 61.
0.G 0.0 2.5 7. £)12.7 £7.8 22.9 27.9 33.0 38.1 43.2 48.3 53.3 58.4

EXIT PLANE IS IN COLUMN 5,FIELD OF VIEW CENTER IS IN COLUMN 28 HORZ INCRENMNTu 2,,54 CM VERT INCREMEN T= .72 CH

I:



TABLE 6. SUBSCALE ENGINE PLUME SPATIAL DISTRIBUTION- 02 INJECTI

-05 1 3 4 
UACK I

s2.72 
BC~

3 4 a3
3 3 4 

3
534 3 3 4 4 7 4 4 4 3 4 4 3

S4 4 3 3 3 3 4 4 4 7 7 7 7 4 3

•4 4 4 4 4 4 4 7 4 3 3 3 4 7 3 3 4 4 4 4 3

9 4 3 3 3 4 4 4 4 4 4 4 7 9 9 4 4 3 3 3 4 3

-4 4 3 3 4 4 4 7 4 4 3 3 4 3 4 4 4 3 3 3

9 9 7 7 4 4 4 3 3 4 3 4 4 3 4 3 4 4 3 3 3

5 9 9 7 4 7 4 4 9 4 4 4 4 4 4 3 3

•15 9 £0 1£2 10 £2 £2 £2 £2 9 4 3 3 3 4 4 4 4 4 3 3 3 4 3

5 30 23 Z3 20 9 9 10 10 9 9 9 4 7 4 4 3 4 3 3 3 3
) 20 23 23 21 23 27 24 9 9 10 9 9 4 4 4 4 4 4 4 3 3 3 4 4 3

r--35 23 15 23 23 £Z £5 12 12 15 12 9 4 4 4 4 4 3 4 4 3 3 3
54 35 23 15 15 15 15 16 27 23 16 9 7 9 9 9 3 9 4 4 354 35 23 L2 9 9 4 4 4 43

5 27 33 35 33 35 29 23 29 29 20 16 £5 £2 £4

- -40 40 3740 40 37 29 29 £5 il 9 9 9 9 £2 £0 9) 9 10 10 9 7 4 3

S -46 40 35 27 24 23 23 23 23 29 27 24 23 23 15 12 £0 7 7 7 4 4 4 4 4 7 9 4 4 3

5878 64 37 J535 24 16 16 23 16 10 9 4 7 4 4 4 7 7 4 4 4 7 9 7 7 7 9 4 4

SA 8£ 72 61 40 3 27 23 242 3 15 16 23 29 33 16 1010110 £2 12 9 9 4 3 3 3

76L 60 6£ 57 37 37 35 35 24 29 20 20 16 9 4 4 " 4 4 4 7 9 9 £0 £0 9 9 7 4 3 3

-6^ 57 47 29 29 30 29 33 32 24 20 16 23 24 23 20 16 15 12 9 4 3 3 4 3 4 '

47 46 46 46 40 35 35 35 32 29 23 15 15 £0 9 9 9 9 7 4 3 4 4 7 4 4 3

--69 58 54 54 37 27 29 32 35 24 21 23 23 15 15 £2 £2 £0 7 4 4 4 4 9 9 3 3 3

-35 37 44 40 33 40 33 24 23 Z 2o0 16 15 12 9 4 4 4 4 9 9 9 4 4 4 7 4 7 4 "

-49 44 33 33 44 35 27 15 12 9 9 10 15 £6 £5 7 4 4 7 7 7 4 4 3 3 3 4 4 3
7-72 54 33 37 29 24 15 10 10 10 12 15 2£ 21 15 10 5 9 3 4 7 4 4 7 4 4 4 4 3
54 605 29 21 £6 15 £ 2£1 24• 9 33 33 21 £0 7 7 7 7 4 0. 4 3

a 24 29 35 23 21 24 24 £6 7 4 9 9 9 10 10 0 9 9 9 9 9 9 9 9 4 4

410 9 9 £0 15 16 23 15 £5 16 23 3 23 21 9 4 4 3 3 4 4 4 ' ' ' 3 3

S 40 41 32 23 7 4 4 4 4 3 4 4 7 9 10 10 12 9 9 4 3
4 9 9 7 9 12 12 15 23 16 9 9 7 7 4 4 3 3 ' ' 3

5 10 9 9 4 4 4 4 7 9 9 9 4 4 7 9 9 9 9 3.
3 4 4 7 3 10 12 20 161210 7 4 3 313

9 7 b 9 £0 4 3 4 4 4 4 3 4 4 9 9 9 4 4 4 4 4
7 4 4 9 16 15 9 7 4 3 4 7 9 9 9 7 7 9 7 7
3 3 4 4 4 9 9 4 7 7 10 7 3 3 4 4 4 7 7 7 73 4 3

3 4 4 4 7 6 7 4 3 4 3 3 3 3 3
3 3 4 4 3 3

3 
3 3 4

9

6 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 5£ 52 53 54

5 55.9 61.0 66.0 71..1 76. 81.3 86.4 91.4 96.5 101.6 106.7 111. 16

.3 50*853.3 58.4 63.5 66 .6 73.7 78.7 83.8 88.9 94..0 99.1 104.1 109.2 114.3 119.4 £24-5

I- NCR)t4ENT= .72 C"
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TABLE 6. SUBSCALE ENGINE PLUME SPATIAL DISTRIBUTION -02 INJECTION, NO FLOW

UNITS=WATTS/STER X

BACKGROUND= 153

10 31
S3 3 16 32

3 4 4 7 49 4 4 3 4 4 3 6253
3 3 4 4 4 7 7 7 7 4 3 89 34

7 4 3 3 3 4 7 3 3 4 4 4 4 3 105 35
4~ 4 4 4 4 4 7 9 9 4 4 3 3 3 4 3 146 36

4 4 3 3 4 3 4 4 4 3 3 3 136 37
3 4 3 4 4 3 4 3 4 4 3 3 3 178 38

4 9 4 4 4 4 4 4 3 257 39
12 9 4 3 3 3 4 4 4 4 4 3 3 3 4 3 37 4

9 9 9 4 7 4 4 3 4 3 3 3 3
'9 910 9 9 4 4 4 4 4 4 4 3 3 3 4 4 3 636 42

12 15 12 9 4 4 4 4 4 3 4 4 3 3 3 3 694 43
6 27 23 1o 9 7 9 9 9 9 9 ' 4 3 1065 44
9 29 20 16 15 12 12 9 9 4 4 4 4 4 4 7 7 7 4 1347 4S
915 10 9 9 9 9 12 10 9 9 to to 9 7 4 3 3 3 3 3 3 1617 46

23 29 27 24 23 23 15 12 10 7 7 7 4 4 4 4 4 7 4 4 4 3 1917 47
16 23 16 10 9 4 7 4 4 4 7 7 4 4 4 7 9 7 7 7 9 4 4 4 2148 48
23 15 16 23 29 33 16 10 10 10 0 1 12 9 9 4 3 3 3 3 2461 49
24 29 20 20 16 9 4 4 4 4 4 4 7 9 9 10 10 9 9 7 4 3 3 4 2329 50
3Z 24 20 16 23 24 23 20 16 15 12 9 4 3 3 4 3 4 4 4 4 2208 51
32 29 23 15 15 10 9 9 9 9 7 4 3 4 4 7 4 4 3 1919 52
35 24 21 23 23 15 15 12 12 ±0 7 7 4 4 4 4 9 9 3 3 3 1797 53
23 21 20 16 15 12 9 4 4 4 4 9 9 9 4 4 4 7 4 7 4 4 4 3 1472 S4
15 12 9 9 1o 1S 16 15 7 4 4 7 7 7 4 4 3 3 3 4 4 3 3 1213 55
10 10 12 15 21 21 15 10 15 4 3 4 7 4 4 7 4 4 4 4 4 3 1052 5$
2124 2933 33 2110 7 7 7 7 4 4 4 4 3 3 3 8 8757
7 4 9 9 9 101o 0 10 9 9 9 9 9 9 9 9 4 4 4 4 685 58

51516 23 2323 2± 9 4 4 3 3 4 4 4 4 4 4 3 3 3 4 4 436 59
4 3 4 4 7 9 10 0 12 9 9 4 3 351 60

16 9 9 7 7 4 4 3 3 4 4 3 272 61
7 9 9 9 4 4 7 9 9 9 9 4 4 179 62

20 16 12 10 7 4 3 3 3 157 63
4 4 4 4 3 4 4 9 9 9 4 4 4 '4 4 133 464
4 3 4 7 9 9 9 7 3 4 4 5 11

S7 7 10 7 3 3 4 4 4 7 7 9 7 7 4 4 3 143 66
3 4 4 4 7 6 7 4 3 4 3 3 3 3 3 61 67

S4 3 3 20 68
3 3 4 3 16 69

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56

S 71.1 76.2 81.3 86.4 91.4 96.5 101.6 106.7 111.8 116.8 121.9 127.0
-68.6 73.7 78.7 83.8 88.9 94.0 99.1 104.1 109.2 114.3 119.4 124.5 129.5
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SUBSCALE MAST RANGE(DET)= 3.513 M

RUW579 FILE=488 RAFGE (FRONT OF CAHERA)= 3.05 M SENSITIVITY= 75 ATTENUATION= 620 PONER=Z.72

3

3 3 3 3 4 3 3 3

3 4 7 4 3 4 4 7 4 4
3 4 4 7 7 7 4 7 4
3 4 4 7 9 10 15 21 24

3 3 4 9 9 9 9 7 7 43 3 4 4 9 9 £5 21 29
4 9 9 9 7 9 9 £2 12 9 9 9

3 4 7 9 12 12 12 12 10 15 9 9 12 20
4 16 15 10 £2 15 23 16 20 23 £5 12 12 12

4 4 £0 15 20 25 29 23 27 35 40 41 29
3 IQ 9 £2 20 27 24 2£ 27 24 32 37 29 29 29 15

7 2£ 2£ 23 29 47 54 58 66 71 60 60 37 27 47
3 4 7 15 35 17 64 1 47 47 40 4 47 5464

3 4 4 4 12 9 23 57 83 4 81 72 7£ 77 64 4? 47 47 44
3 3 4 3 4 3 3 4 3 3 15 4£ 49 52 67 72 83 67 58 54 23
4 7 7 7 4 4 7 7 7 9 9 4 3 4 4 4 9 16 9 4 4 4 9 15

£0 15 15 £5 £2 £2 16 2£ 33 23 20 15 29 4£ 47 78 86 94 103 98 78 7£ 54 33
Z 4 23 27 ?4 29 32 23 £2 £6 Z£ 35 54 60 64 64 72 94 £01 114 £09 £1£03 £08 £06 103

15 32 Z9 29 40 35 27 2£ 29 23 33 58 83 103 £09 £09 £14 £03 83 83 97 80 72 64
£6 27 29 33 29 37 27 24 24 29 60 83109 8• £ 122 £18 83 89 89 83 74 72 83 83
9 16 2£ 23 23 32 33 35 46 54 58 7£ 83 101 £2611711111 98 74 74 78 89 94
4 9 9 £2 12 15 23 29 32 47 64 78 89 0 11£ i11 97 2 72 72 69 72 77 89
3 4 4 4 9 4 9 £2 £0 £5 23 54 83 9£ 89 86 91 83 71 64 72 64 64 72

3 3 9 9 92£ 4754374046647883 9e11110911411£ 897£
3 3 3 4 7 12 35 64 83 97 97 83 84 89 97 95 83 74 74

4 4 £6 32 46 49 54 60 64 72 64 60 7£ 83 101 98
3 7 £2 23 47 66 74 78 74 60 54 46 46 54

4 35 57 66 64 47 35 47 47 58 71 60 57 49 60 58
4 £0 24 35 40 47 40 40 40 37 54 6£ 52 47 58

4 9 20 37 33 32 46 44 52 54 29 15 £2 £2
4 £0 I5 24 41 52 55 54 52 37 32 33

9 9 9 9 15 £6 9 £2 23 35 37 35 35
4 9 12 15 2.5 2£ 23 15 20 23 24 23 35 40
3 4 7 9 9 9 £2 15 2£ 2£ 23 29 27 23

4 9 9 7 7 £0 £2 15 9 9 9 9
3 3 3 4 9 £2 £0 9 10 £5 16 10 £0

3 4 4 4 7 4 3 4 7 9 15
3 3 4 4 3
4

3 4

COLUOIN NO.=

£ 2 3 4 5 6 7 8 9 10 11 £2 13 14 15 £6 £7 £8 19 20 21 22 23 24 25 26 27 28

0.0 0.0 0.0 5.1 £0.2 15.2 20.3 25.4 30.5 35.6 40.6 45.7 50.8 55.9 f
0.0 0.o 2.5 7.6 12.7 £7.8 22.9 27.9 33.0 38.1 43.2 48.3 53.3 58.4

EXIT PLANE IS IN COLUMN 5,FIELD OF VIEW CENTER IS IN COLUMN 28 HORZ INCREMENT= 2.54 CM VERT INCREMENT= .72 C1

!!I



TABLE 7. SUBSCALE ENGINE PLUME SPATIAL DISTRIBUTION - OH4 INJECTION

UNI TS~b

BACKGRO UND:

3 4 3 3
3 3 3 4 4 4 4 3

.33 3 4 4 4 4 4 4 3 3
3 4 4 3 3 4 9 9 7 3 4 4 4 4 4 4 4 4 4 4 4 .3

3 1 4 3 4 4 4 4 9 10 9 4 4 4 3 4 4 3 3 3 4 4
33 4 4 3 4 4 4 4 4 4 4 7 9 4 4 4 9 9 12 9 4

4 7 4 44. 3 3 4 7 9 9 7 4 4 4 4 4 4 4 9 9 9 7 9
7 4 7 4 4 3 3 4. 9 12 9 3 3 3 4. 4 9 9 910 1215 21 1812 9

10 15 21 24. 35 35 29 23 23 10 7 4 4 3 13 7 4 4 3 3 3 4 4 4 4 7
9 7 7 4 7 9 15 1212 1512 12 9 9 9 9 4 3 3 4 4

9 15 21 29 33 47 54 29 23 15 12 10 9 9 9 9 9 7 4 1
12 9 9 9 9 4 4 4 7 9 10 15 23 24 23 9 7 4 7 9 10 9 4

9 9 12 20 15 9 9 9 4 4 4 7 9 15 20 20 23 23 23 23 20 10 7 4 3
5 12 12 12 20 16 9 9 12 20 15 12 9 9 9 9 9 9 9 9 9 9 9 10 12 15 12 12 9 3

5 40 41 29 21 10 9 9 9 9 10 9 £2 10 12 15 12 9 9 9 9 9 9 9 10 9 9 9 9 10 9
29 29 29 15 JS 24 29 35 47 58 6d 52 29 9 7 7 9 9 7 4 7 9 9 9 9 9 9 r 7
0 37 27 47 35 23 20 21. 23 27 34 23 15 10 10 15 24 29 21 9 9 15 15 12 7 4 4 4 4 4 4

47 5ý 64 69 44 29 23 21 15 12 12 15 12 10 12 10 12 15 12 15 15 10 9 9 9 9 7 7 4 7
474 4 37 40 44 54 58 54 47 35 23 21 21 21 20 12 9 9 9 9 9 4 4 4 4 4 7 7 7

~7 58 54 23 23 29 52 54~ 37 37 32 29 33 32 29 29 23 16 12 10 9 12 12 9' 9 7 7 4 4 3
'4 4 9 15 21 15 15 2J 15 15 15 15 15 16 16 20 21 16 15 15 12 7 4 7 9 4 3 3 3 3
18 71 54 33 37 4.7 439 49 47 37 29 23 16 15 9 7 7 9 9 10 9 10 9 9 9 4 7 9 4. 4 3

03 108 106 103 91 72 57 54 46 32 35 35 20 23 23 23 23 21 23 23 23 15 9 4 4 4 4 4 4 4 4
47 80 72 64 58 58 49 52 54 52 49 47 49 47 46 44 4.0 37 40 32 24 23 15 10 10 9 9 4
14 72 83 83 94 98 97 89 8C 54 49 40 35 35 33 35 37 37 35 29 23 23 23 23 23 23 24 24 15 12 9
14 78 89 94 61 58 60 61 66 69 72 74 58 46 40 37 29 29 23 21 12 15 12 9 7 9 10 12 15 10 10

169 72 77 89 77 61 7Z 74 78 83 71 54 41 37 41 33 37 33 29 24 23 23 23 23 21 15 12 9 9 9 9
~2 64 6472 747872 66 6955 4L 37 333535 44 474949 35 272423 2 021 2115 12 9 9 9
4111l89 71 66 61 544746 46 4C 35 40 403740 4029 2015 15 2021 1510 9 9 910o1210o
5 83 74 74 72 69 69 72 s1 71 58 49 44 24 20 20 23 24 24 23 23 12 12 15 1 5 1 5 12 9 9 7 431 83 101 98 71 58 44. 37 40 44 47 54 58 60 57 37 32 35 44 41 32 23 12 9 10 9 9 9 9 9 4

54 46 46 51, 47 47 54 56 61 58 40 29 32 29 33 37 35 33 29 29 24 27 27 27 23 15 12 9 9 9 9
ST 49 60 58 52 54 54. 56, 58 40 40 41 32 21 15 15 23 2Z 16 15 16 16 21 23 23 23 23 15 9 9 7
61 52 47 58 71 64 58 63 49 37 35 40 41 44 41 37 24 29 24 24 23 12 9 10 I5 12 9 9 9 9 7

9 1512 12 21212324 29 4657 57 585749 4633 2727 29 29 32 23 211615S 9 9 9 9 4
52 37 32 33 35 33 47 58 61 64 47 27 20 15 9 10 15 23 24 23 23 23 23 23 9 9 12 15 15 I5 15
~5 37 35 35 35 40 40 4b 37 37 23 20 21 21 15 16 15 20 20 23 23 23 20 15 12 10 10 10 10 9 9

4 23 35 40 41 37 35 27 29 32 35 40 44 47 47 35 35 32 33 23 10 7 7 9 9 9 9 9 9 10 9
3 9 27 23 21 16 15 9 15 29 46 71. 72 47 33 24 12 10 12 12 15 21 21 23 29 29 27 23 15 12 10~9 9 9 9 16 15 15 23 23 23 23 32 35 41 40 35 40 35 23 12 9 12 21 21 20 16 21 15 15 15 9

15 16 10 10 24 27 7 4 4 4 4 7 9 10 10 12 10 I5 23 23 21 15 12 10 9 9 10 12 12 10 9
4 7 9 15 28 15 23 29 29 35 41 40 12 4 3 3 4 4 4 4 4 4 9 10 12 I5 15 15 15
3 4 4 3 3 4 7 7 9 12 10 10 10 12 12 12 10 15 20 21 23 23 7 3 4 4 4 7 7

3 3 4 4 9 9 10 9 9 10 9 7 9 9 7 A 4 4 3 3
4 4 4 3 3 3 4 4 3

4

25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 4? 48 49 50 51 52 53 54 S55

.8 55.9 61.0 66.0 71.1 76.2 81.3 86.4 91.4 96.5 101.6 106.7 111.8 116.8 121.9 127o
53.3 58.'4 63.5 68.6 73.7 78.7 83.8 88.9 94.0 99.1 104.1 109.2 11.3 119.4 124.5 12,

MEENT: .72 CM
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TABLE 7. SUBSCALE ENGINE PLUME SPATIAL DISTRIBUTION -CH 4 INJECTION, NO FLOW

JNITS=MATTS/STER X
BACKGROUNU= 153

3 4 3 3 13 26
3 34 4 4 4 4 3. 18 27

4 9 9 7 3 4 4 4 4 4 4 4 4 4 4 4 3 96 29
4 4 4 4 9 10 9 4 4 4 3 4 4 3 3 3 4 4 97 30
3 4 4 4 4 4 4 4 7 9 4 4 4 9 9 12 9 4 138 31

3 4 7 9 9 7 4 4 & 4 4 4 4 9 9 9 7 9 ±61 32
4 9 1E 9 3 3 3 4 4 9 9 9 10 12 15 21 18 12 9 232 33

23 10 7 4 4 3 3 7 4 4 3 3 3 4 4 4 4 7 320 34
12 15 12 12 9 9 9 '1 4 3 3 4 4 2f2 35
23 15 12 10 9 9 9 9 9 7 4 3 3 9 36

7 9 IG 15 23 24 23 9 7 4 7 9 10 9 4 298 37
4 4 4 7 9 15 20 20 23 23 23 23 20 10 7 4 3 407 38
14 20 15 12 9 9 9 9 9 s 9 9 9 9 9 10 iZ I5 12 12 9 3 490 39

9 9 10 9 12 10 12 15 12 9 9 9 9 9 9 9 10 9 9 9 9 10 9 575 40
47 58 6d 52 29 9 7 7 9 9 7 4 7 9 9 9 9 9 9 7 7 9 9 842 41
23 27 33 23 15 10 10 15 24 29 21 9 9 15 15 12 7 4 4 4 4 4 4 1048 42
21 15 12 12 15 12 10 12 10 12 15 12 15 15 10 9 9 9 9 7 7 4 7 L01 43
568 54 47 35 23 21 21 21 20 12 9 9 9 9 9 4 4 4 4 4 7 7 7 1311 44
37 37 32 29 33 32 29 29 23 16 12 10 9 12 12 9' 9 7 7 4 4 3 1167 45
15 15 15 15 15 16 16 20 21 16 15 15 12 7 4 7 9 4 3 3 3 3 481 46
47 37 29 23 16 15 9 7 7 9 9 10 9 10 9 9 9 4 7 9 4 4 3 1496 47
46 32 35 35 2B 23 23 23 23 21 23 23 23 15 9 4 4 4 4 4 4 4 4 2179 468
54 52 49 47 49 47 46 44 40 37 40 32 24 23 15 10 10 9 9 4 2329 49
8C 54 49 40 35 35 33 35 37 37 35 29 23 23 23 23 23 23 24 24 I5 12 9 2640 50
66 69 72 74 58 46 40 37 29 29 23 21 12 15 12 9 7 9 10 12 15 10 10 2502 51
78 83 71 54 41 37 41 33 37 33 29 24 23 23 23 23 21 15 12 9 9 9 9 2389 52
69 55 4G 37 33 35 35 44 47 49 49 35 27 24 23 20 21 21 15 12 9 9 9 2089 53
46 46 4C 35 40 40 37 40 40 29 20 15 15 20 21 15 10 9 9 9 10 12 ±0 1996 54

S71 71 58 49 44 24 20 20 23 24 24 23 23 12 12 15 ±5 15 12 9 9 7 4 1953 55
40 44 47 54 58 60 57 37 32 35 44 41 32 23 12 9 10 9 9 9 9 9 4 1772 56
61 58 40 29 32 29 33 37 35 33 29 29 24 27 27 27 23 15 12 9 9 9 9 1486 57
58 40 4C 41 32 21 15 15 23 23 16 15 16 16 21 23 23 23 23 15 9 9 7 1557 58
49 37 35 40 41 44 41 37 24 29 24 24 23 12 9 10 15 12 9 ' 9 9 7 1391 59
29 46 57 57 58 57 49 46 33 27 27 29 29 32 23 2± 6 15 9 9 9 9 4 1179 60
61 64 47 27 20 15 9 10 15 23 24 23 23 23 23 23 9 9 12 15 15 15 15 1±02 61
37 37 23 20 21 21 15 16 15 20 20 23 23 23 20 15 12 I0 ±0 ±0 10 9 9 8 27 62
29 32 35 4044 47 47 35 35 32 33 23 10 7 7 9 9 9 9 9 9 0 9 948 63
15 29 46 71 72 47 33 24 12 10 12 12 15 21 21 23 29 29 27 23 15 12 10 881 64
23 23 23 32 35 41 40 35 40 35 23 12 9 12 21 21 20 16 21 I5 15 15 9 714 65

4 4 4 7 9 10 10 12 10 15 23 23 21 15 12 10 9 9 10 12 12 10 9 436 66
29 35 41 40 12 4 3 3 4 4 4 4 4 4 9 10 12 15 15 15 9 442 67
"9 12 10 10 10 1 12 12 10 15 20 21 23 23 7 3 4 4 4 7 7 273 68

3 4 4 9 9 10 9 9 10 9 7 9 9 7 4 4 4 3 3 133 69
4 4 4 3 3 3 4 4 3 32 70

7 71

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 5± 52 53 54 55 56.

71.1 76.2 81.3 86.4 91.4 96.5 101.6 106.7 ±11.8 116.8 121.9 127.0
73.7 78.7 83.8 88.9 94.0 99.1 104.1 109.2 114.3 119.4 124.5 129.5
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SUBSCALE HAST RANGE(DET)= 3.,13 M

RUN=579 FILE=497 RANGE (FRONT OF CAMERA)= 3.05 M SENSITIVITY= 75 ATTENUATION= 620 POWER=2.72

3 3

,: 3 3 3 3 3 3 3 3 3 3
3 3 4 4 4 4 4 4 3 4 4 3 3 3 3 3 3 3

3 4 4 4 4 4 4 9 4 4 4 4 4 7 4 4 3 4 4
3 4 7 9 4 7 9 9 9 12 9 7 4 9 15 10 9 4 3 3 3 3 4
4 12 15 12 16 23 15 15 15 16 12 10 15 12 9 7 4 4 4 4 4 4 3

10 24 29 29 37 35 37 37 27 16 20 23 29 15 9 4 7 9 9 4 3 3 4
3 23 37 41 47 47 47 47 46 37 33 29 23 15 12 20 12 10 10 9 9 4 7 4

20 37 47 47 54 57 58 58 47 44 43 41 35 27 20 15 15 12 15 9 7 4 4
Z3 35 44 47 58 54 49 58 54 47 40 41 37 23 21 12 9 10 12 12 9 4 4

9 23 29 33 47 41 49 49 4a 46 47 35 29 29 21 20 10 12 9 12 9 7 9
4 12 20 23 29 35 32 37 37 40 29 24 27 15 15 15 10 9 , 4 It 4 7
4 7 9 12 12 15 15 23 23 16 23 24 15 15 15 12 9 9 4 7 9 9 9

3 4 4 7 9 9 10 12 10 12 16 9 12 23 10 9 9 9 9 7 4 4
3 3 4 4 7 9 9 4 4. 4 4 9 9 9 4 4 4 4 4 4

3 3 3 4 4 4 3 4 4 4 9 4 4 3 4 4 4 4
3 3 3 4 4 4 7 4

3 3 3

COLI MN NO.=

1 2 3 4 5 6 7 8 9 10 11 12 15 14 15 16 17 18 19 20 21 22 23 24 25 26 27

0.0 0.0 0.0 5.1 10.2 15.2 20.3 25.4 30.5 35.6 40.6 45.7 50.8 55.9
0.0 0.0 2.5 7.6 1z.7 17.8 22.9 27.9 33.0 38.1 43.2 48.3 53.3 5

EXIT PLANE IS IP COLUMN 5,FIELO OF VIEW CENTER IS IN COLUMN 28 HORZ INCREMENT= 2.54 CM VERT INCREMENT= .7

- a f



TABLE 8. SUBSCALE ENGINE PLUME SPATIAL DISTRIBUTION '02 INJECTION,

3.513 ,

R=2.72 BAI

3 3
44 33 3 3 3 4

4 4 4 3 3 3
4 4 3 3 4 4 4 3 3 3
4 -9 9 4 7 4 3 3 3
4 5 9 7 4 4 4 4 3

212 9 4 4 3 4 4 3
7 - 12 9 7 9 4 4 3 4 3 3 3

9 ,4 ,4 7 4 3 3 4 3
to 7 9 9 9 4 3 33

4 9 7 4 4 I4 3 3 3
4 4 4 4 4 4 3 3 3
3 4 4 4 4

72 24 25 Z6 27 28 29 303132 3.334 3536 37 383940 41 42 43 44 L,5 46 47 48 49 50 515253

9 50.8 55.9 61.8 66.0 71.1 76.2 81.3 e6.4 9i1.4 96.5 101.6 106.7 111.8 116.8 121.9
ý /48.3 53.3 58.4 63.5 68.6 73.7 78.7 83.8 88.9 94.O 99.1 104.1 109.2 114.3 119.4 124

.2 ERT INCREMENT= .72 CH
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M TABLE 8. SUBSCALE ENGINE PLUME SPATIAL DISTRIBUTION 02 INJECTION, MACH 0.3 N2 FLOW

UNITS=WATTS/STER X

CK BACKGROUNO= 153

6 41
33 42
66 43
82 44

156 45
241 46

3 3437 47
3 581 48

3730 49
3 -717 so

-4 3 3 645 51
3 4 3 453 52

33 312 53
214 54
119 55
72 56
32 57
93 58

54 1 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56

12 ,i 71.1 76.2 81.3 86.4 91.4 96.5 101.6 106.7 111.8 116.8 121.9 127.0
-68.6 73.7 78.7 83.8 88.9 94.0 99.1 104.1 109.2 114.3 119.4 124.5 129.5
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SUBSCALE HAST RANGE(BET)= 3.513 M
RUN=579 FILE=502 RANGE (FRONT OF CANERA)= 3.05 M SENSITIVITY= 75 ATTENUATION= 620 POWER=2.7a

3 3 4 3 4 4 3 3 3 3

4 12 C9 24 23 23 20 15 12 12 9 4 4 4 4 to 3 3 3 3
15 32 29 29 27 24 24 15 10 9 9 3 9 4 4 3 4 4
10 32 32 35 32 29 29 29 16 9 10 15 12 4 L 3 3 3
10 24 23 23 24 21 23 23 9 10 1 2 4 4 4 . 4

7 10 12 12 10 10 9 9 9 9 9 14 7 4 7 4 4 3 3
. 7 4 9 7 9 9 4 9 4 3 4 4

4 4 4 4 4 4 7 9 4 4 3 3 4 4 3 4 4 3
3 3 4 3 3 3 4 4 4 4 4 3 3 4 3 3

COLUNN NO.=

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

0.0 0.0 0.0 5.1 10.2 15.2 20.3 25.4 30.5 35.6 40.6 45.7 50.8 55.3
0.0 0.0 2.5 7.6 12.7 17.8 22.9 27.9 33.0 38.1 43.2 48.3 53.3 51

EXIT PLANE IS ZN COLUMN 5,FIELU OF VIEN CENTER IS IN COLUMN 28 HORZ INCREMENT= 2.54 CM VERT INCREMENT= .7ý



TABLE 9. SUBSCALE ENGINE PLUME SPATIAL DISTRIBUTION -CH 4 INJE

WbET)= 3.513 M

•0 POWER= 2.72

$ #.3
3 3
4 

3

4 3
3 3

?Z 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 59 40 41 42 43 44 45 46 47 48 49 50 51 52

45.7 50.8 55.9 61.0 66.0 71.1 76.2 81.3 86.4 91.4 96.5 ±01.6 106.7 111.8 116.8
3.2 48.3 53.3 54*4 63.5 68.6 73.7 78.7 83.8 88.9 94*0 99.1 104.1 109.2 114.3 1±9.4

N VERT INCREMENT= .72 CN
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TABLE 9. SUBSCALE ENGINE PLUME SPATIAL DISTRIBUTION -CH 4 INJECTION, MACH 0.3 N2 FLOW

UNITS=WATTS/STER X

BACKGROUNO= 153

36 't5
81 '.6

138 47
263 49
307 50
238 51
14fk 52

654.
55 55

-30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56

66.0 71.1 76.2 81o3 86.4 91.4 96.5 101.6 106.7 111.8 116.6 121.9 127*0
5 68.6 73.1 78.7 83.8 88.9 94.0 99.1 104.1 109.2 114.3 119.4 124.5 129.5
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3- 7501- -

SUISCALE MAST RANGE(OET)= 3.513 M

RUW579 FILE=505 RANGE (FRONT OF CAMERA)= 3.05 M SENSITIVITY= 75 ATTENUATION= 620 POWER=2.72

3
3 3 4 3 4 4 4

3 3 4 4 4 4 4 4 4 4 3 3
3 4 4 4 4 9 9 4 4 4 4 4 4 4 4 3 3 3
4 9 9 9 9 9 9 10 10 10 9 9 4 9 9 9 4 3 4

10 21 21 23 23 20 21 24 15 12 12 10 9 4 4 4 4 4 4 4 4 4 z
15 37 37 40 37 37 29 23 35 37 29 23 10 0 12 12 12 7 4 4 4 4 1
16 40 40 46 54 47 46 49 47 37 29 27 24 23 23 20 9 7 4 4 4 ?7
23 32 35 40 47 46 47 44 52 57 44 29 24 21 21 15 9 7 7 9 9 9 4

9 23 24 29 32 37 46 35 32 29 29 L5 20 29 23 10 9 9 9 9 9 4 ?
7 16 21 23 23 33 40 37 29 27 24 24 23 21 16 20 12 9 4 4 4
4 9 10 12 23 20 15 2. 24 27 29 23 21 20 12 7 9 7 4 4 4 4 2
3 4 7 7 9 q 15 15 15 10 20 9 9 9 7 7 4 4 4 7 4 3

3 3 4 4 4 4 7 9 9 9 9 9 9 9 4 3 3 3 3
3 3 4 4 4 4 4 4 4 4 4 7 4 3 4 4 4

3 3 3 3 3 4 3
3 4

COLUNN NO.=

1 2 3 4 5 6 7 8 9 J0 11 12 13 14 15 16 17 18 '9 20 21 22 23 24 25 26 27

0.0 0.0 0.0 5.1 10.2 ±5.2 20.3 25.4 30.5 35.6 40.6 45.7 50.8 55.,
0.0 0.0 J. 5 7.6 12.7 17.8 22.9 27.9 33.U 38.1 43.2 48.3 53.3

EXIT PLANE IS IN COLUMN 59FIELO OF VIEW CENTER IS IN COLUMN 28 HORZ INCREMENT= 2.54 CM VERT INCREMENT=



TABLE 10, SUBSCALE ENGiNE PLUME SPATIAL DISTRIBUTION,- NO INJECTION, MA(

-1 
UNI

*72 ,BACKGRE

473
-4 4 4 3 4 .3 3
-4 4 4 33 3
-4 11 1' 3 333

9 9 4
-9 q 4 3 4 a.

-4 4 3 4 3
-4. 4 4 Z;

<1 4 3 3 4 .3
-4 3 3 3 3- 3 3

3 4

4. 25 2)6 2•7 26 2•9 30J 3.1. ,32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

725 50.8 55.9 61.0 66.0 71.1 76.2 81.3 86.4 91.4 96.5 101.6 106.7 111.8 116.8a 121.9 £27

3 53.3 58*4 6345 68.E 7307 78.7 83.8 58.9 94.0 99.1 104.1 109.2 114.3 119.4 124.5

:INGREIENT= .7e CM
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R !1 21

I

TABLE 10. SUBSCALE ENGINE PLUME SPATIAL DISTRIBUTION,- NO INJECTION, MACH 0.3 N2 FLOW

UNHTS=HATTS/1'fER X

BACKGROUNO~a 153

78 45

7 I

46J 468.
611 t
634 0

312 53
191 54

74 56
22 57
7 59

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 F0 51 52 53 b4 55 56

711 7b.2 81.3 86.4 91.4 96.5 101.6 106.7 111.8 116.8 121.9 127.0
73.7 78.7 83.8 88.9 94.0 99.1 104i1 109.2 114.3 119.4 124.5 129.5

71



SUISCALE hAST RANGE(DET)= 3.513 K
RUN=507 FILE=281 RANGE (FRONT OF CAMERA)= 3.05 M SERNSITIVITY= 75 ATTENUATjqON= 620 PDOWER=2.46

3
3 3
3 3 3 3
3 3
4 3 3 3 3 3 3 3 3 3
3 3 3 4 3 3 3 4 7 4
3 3 3 3 3 4 4 3 4 3 4 4
4 3 3 4 4 4 4 4 9 4 4 4
4 3 4 4 4 4 4 4 4 4 4 7 9

3- 4 4 4# 4 7 4 7 4 7 7 7 9
3 3 4c 4 4 7 7 7 9 c 1c 9 7 7
3 4 4 9 9 9 ,5 12 10 9- 7 9 9 9

3 3 4 4 9 9 12 -5 15 12 15 15 12 12 12 20
3 3 4 9 23 23 23 32 24 23 21 24 23 32 33 40

3 3 3 3 4 4 7 10 29 40 40 40 p5 40 47 33 40 40 35 29
4 4 4 7 9 9 9 15 37 52 52 4715 54 47 47 49 52 47 40

3 3 10 10 10 10 12 20 29 40 58 64 58 58 60 58 57 57 47 40 40 41
4 23 23 53 24 24, - 46 58 58 78 84 78 72 72 71 57 52 4,7 49 47
4 29 2935 35 35 V 46 58 T8 78 83 8383 89 77 66 6 4 58 60

24 29 33 33 32 35 37 52 T2 89 83 81 81 8,3 83 8'. 83 T 60 60
15 21 23 23 23 29 37 58 74 78 81 78 81 7W 71 72 78 71 52 49

7 9 10 10.15 24 37 37 47 64 72 72 66 72 61r 58 57 58 54 46 41
4 4 4 7 7 9 20 37 35 40 49 52 57 60 61 58 54 55 41 44

3 3 4 4 4 9 16 23 24 33 40 41 40 40 35 27 33 37 37
3 3 3 4 9 16 29 33 35 40 44 2-9 27 27 37 41 41 37

3 4 10 23 24 20 23 29 27 32 3-5 47 49 41
4 9 1-5 29 29 29 20 27 29 23 16 15 16
3 3 4 9 9 9 12 20 12 15 10 9 12
3 4 4 4 7 4 7 7 9 12 10 9 12

3 4 4 4 4 7 9 9 9 9 1-
3 3 4 4 4 7 9 4 9 12 10
3 3 4 4- 4 4 4 4 9 12 23

3 3 3 3 4 3 4 4 4 4
3 3 3 3 3 4*

3 3 3 3 3 3 3 4 3 3 3
3 4 4 3

3 3

COLUMN NO.=

1 2 3 4 5 6 7 8 9 10 1-1- 12 13 14 16 16 17 18 19 20 21 22 23 24 25 26 27

6.9 0.0 5.2 20.3 25.41 30.3 35.6 40.6 45.7 50.8
0.0 0.0 9.0 2.5 7.6 12 17.8 22.9 27.9 33.0 38.1l 43.2 48.3 51

EXIT PLANE IS IN GOLIOM 7TFPELD OF VIE-, CENTER M- IN COLUMN 28 HORZ INCREMENT= 2.-54 CM VERT INCREMENT= .oT



3UN

-=2.46 
BCG

3 3 3

3 3 3 43 3 4 4 4 3 3 3 3 3
3 3 3 4 7 4 7 4 4 4 3 3 3 3 4 3 3

3 3 3 3 33 3 3 3 4 4 3 4 3 3 3 3 4 4 4 4 3
3 4 7 4 4 4 3 4 3 3 3 3 3 4 4 3 7 3 4 4 4 3

4 4 4 4 4 7 4 4 4 4 3 3 3 3 3 3 4 3
4 4 3 4 7 4 7 7 4 3 3 4 4 4 3

9 0 4 0 4 4 4 40 35 4 9 4 4 4 9 4 76 4z 75 4. 744 4 4 4 4 4
4 4 7 9 97 7 7 9 4 4 3 4 7 4 44 4 4 4 4 4 4

7 7 7 9 9 9 12 Is 9 9 9 9 4 4 4 4 4 3 3 3 3 4
927 712 91 21 1 10 10 9 4 4 4 4 4 4 4 4 4 9 9 4 4 4 3 3,3

9 9 9 9 5 23 Z7 23 10 9 1 9 10 15 15 9 7 4 4 7 7 9 9 4 4 4 4 4 4 3 3 3

95 95 9• 9k 0 15 23 27 23 99 99 4O 45 45 451 9 9 7 4 4 4 4 4 4 4 4

12 12 12 20 23 21 16 £6 12 15 12 9 4 9 9 4 4 4 0 9 9 9 7 9 4 4 4 43 3 3

23 324 33 40 7 35 2113• 15 15 20 15 16 23 27 12 9 9 9 9 9 9,9 4 4 3

2 40 40 35 29 35 29 27 29 24 27 29 27 24 15 10 15 9 4 7 9 9 7 7 4 4 -

49 5Z 47 40 37 3 44 40 35 .0 37 33 29 24 23 15 t5 15 10 15 12 10 12 10 9 7 4 4 3 4

~~~~~~2 24 16 12 6;3e 4. 93 53 l, 15 15 109 4 S 9 9 9

4- 40 40 41 40 41 40 35 29 29 32 29 24 16 £2 1 5 1 9 9 9 9 9 7 9 4 4 7 7 7

52 41 49 47 37 33 29 23 20 21 23 16 15 16 20 15 994 4 4 3
46 i5 605 5240 37 33 37 24 16 21 20 15 10 10 12 12 12 9 9 ~ '

83 72 60 60 5841 29 24 29 24 24 12 9 10 12 10 9 9 9 9 9 9 9 9 9 94
-78 71 52 49 49 47 47 35 32 40 37 27 23 23 15 10 9 9 9 9 9 9 9 7 7 .7 4 3 3 4 4

58 54 46 41 35 41 47 32 23 23 29 29 24 23 15 15 12 10 9 9 9 10 9 9 7 4 7 4 4 4 4

4 ~ 54 55 41 44 46 44 47 4,0 29 23 29 29 20 15 15 15 12 15 12 9 9 7 7 9 9 9 4 7 4 7 9

3 27 33 37 37 27 29 23 21 23 24 29 23 15 15 15 15 15 12 10 9 9 9 10 9 4 4 4 3 3 3 4

~37 41 41 37 35 29 .S3 24 24 21 15 12 15 16 15 12 12 15 12 9 9 9 9 4 4 4 4 4 4 4 4

2 -35 47 49 41 27 23 21 23 29 24 24 27 23 21 23 23 23 20 15 15 10 9 4 4 3 4 4 3 3 4

327 24 24 29 32 35 33 21 12 1 12 10 9 4 7 q 9 9 9 9 4 4 4 4 4 3

237 110 9162151215 1 211610 7 9 9 9 9 9 9 9 9 9 4 4 4 4 4 3 3 3

2 51 21 3 3 3 3 4 3

2 ~ 12 10 9 12 15 10 910 iC I0 12 10 iC 12 9 9 7 4 7 9 9 9 4 33 3 3 3

1 ~ 9 9 9 152324 1512 12 9 10 918Q15 21 151010 3 4 3 3 33 3

1 4' 9 12 10 9 4 7 10 15 12 4 4 4 4 4 79 9 9 9 9 9 3 3 4
23 4 9 12 23 29 12 4 4 3 4. 4 T 4 3 7 9 9 7 4 4 4 4 7 7 7 '

4 4 4 4 4 4 5 9 9 7 7 9 9 9 9 101 33 44 3

29 .3 3 3 4 3 454 4 3 3 3 4 4 7 7 9 9 4 4 4 43 434 4,
4 3 3 3 3 3 3 3 3 4 4 4 4 3 3 3 3 4 4

34 3 3 3 4 3 3 4 3 4 3 3
33 33 4 4 7 4 4 4 3 4 5 4 3 4 3

3 3 3 4 4 4 4 '4 4 4 3

3 4 3 3 4 3

-24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

2 57 5.8 5. 1. 60 71.1 76.2 81.3 86.4 91.,4 96.5 101.6 106.7 111.8 168 1
21, -.2 45748.3 50853.3 55958.'6.0 63.5 66068.6 73.7 78.7 83.8 88.9 94.0 93.1 1C4.1 109.2 114.3 119.4

3. TINCREMENT= .72 CH
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TABLE 11. SUBSCALE ENGINE PLUME SPATIAL DISTRIBUTION NO INJECTION, NO FLOW

t UNITSWATTS/STER X
BACKGROUtLO= 153

3 6 31
3 3 3 15 RZ

3 3 3 3 49 3s7 4 4 4 3 3 3 3 4 3 3 3 71 34
3 4 3 3 3 3 4 4 4 4 3 92 35
3 3 3 4 4 4 7 4 4 4 4 4. 3 3 L12.4 4 4 4 3 3 3 3 3 3 3 3 4 4 3 119

-4 7 7 4 3 3 3 4 4 4 3 3 3 3 3 3 135 38
-S 4 3 4 7 4 7 4 7 4 4 4 4 4 4 4 3 il77 3-9 9 4 4 4 4 4 3 3 3 3 4 3 4 4 4 4 4 4 3 4 232

10 9 4 4 4 4 4 4 4 4 4 9 9 4 4 4 3 3 3 267 41010 15 15 9 7 4 4 7 7 9 9 4 4 4 4 4 4 3 3 3 3 376 4Z
2 9 4 9 9 4 4 4 4 9 9 9 7 4 4 4 4 4 4 4 4 3 403 43
0 s15 16 23 27 12 9 9 9 9 9 9 9 4 4 3 4 3 3 3 688 44

27 24 15 10 15 9 4 7 9 9 7 7 9 9 9 9 9 9 4 4 4 874 45
33 29 ?.4 23 15 15 15 10 15 12 10 12 10 9 7 4 4 4 4 3 3 it 0 46

229 24 1b 12 15 15 10 9 9 9 9 9 9 9 9 9 9 7 7 7 4 1270 47
1 23 16 15 16 20 15 9 7 4 4 9 9 9 7 4 4 4 4 4 4 4 1417 48
4 16 21 20 15 10 10 L2 12 12 9 9 7 4 4 4 4 4 4. 4 3 4 1655 49

- 12 9 10 12 10 9 9 9 9 9 9 9 9 9 9 7 4 4 4 3 4 1604 50
7 27 23 23 15 10 9 9 9 9 9 9 9 7 7 .7 4 3 3 4 4 3 1578 51
9 9 29 23 15151 2 10 9 9 9 10 9 9 7 4 7 4 4 4 4 4 5. Si

9 29 20 15 15 15 12 15 12 9 9 7 7 9 9 9 4 7 4 7 9 7 Lis 5
- 9 23 15 15 15 15 15 12 10 9 13 9 10 9 4 4 4 3 3 3 4 4 824 54
S12 15 16 15 12 12 15 12 9 9 9 9 4 4 4 4 4 4 4 4 4 81755
24 27 23 21 23 23 23 20 15 15 10 9 4 4 3 4 4 3 3 4 3 779 56

5332112 10 12 10 9 4 7 9 9 9 9 9 4 4 4 4 4 3 3 644 5
0 7 9 9 9 9 9 9 9 9 9 4 4 4 4 4 3 3 3 3 351 58
2 10 LE 12 9 9 7 4 7 9 9 9 .' 3 3 3 3 4 3 286 59
0 9 10 15 115 14 10 9 4 3 3 3 3 3 3 303 604 4 4 4 4 7 9 9 9 9 9 9 9 9 9 9 4• 24.761
4 7 4 3 7 9 9 7 4 4 4 4 7 7 7 4 4 3 3 3 4 4 242 62

9 9 91010 7 3 3 4 4 7 4 4 4 3 3 17763
3 3 4 4 7 7 9 9 4 4 43 3 3

3 4 4 4 4 3 3 3 3 4 4 4 4 4 4 3 i#3 4 3 4 3 3 3 SO 66
4 7 4 4 4 3 4 3 3 4 3 56 67

3 4 4 4 4 4 4 4 3 47 68
3 4 3 10 69

3 4 3 3 4 3 20 70

34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56
71.l 76.2 81.3 86.4 91.4 96.5 101.6 106.7 111.8 116.8 121.9

w6 73.7 78.7 83.8 88.9 94.0 99.1 104.1 L09.2 114.3 119.4 124.5
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SUBSCALE MAST RANGE(OET)= 3.513 N

RUNZ587 FILE=292 RANGE (FRONT OF CAMERA)= 3.05 N SENSITIVITY= 75 ATTENUATION= 620 PONER=2.46

3a
3 3 3 3 3 3
3 3 3 3 4 4 4 3 4 3 3 3 3 3 J
3 3 4t 4 7 4 4 7 4 3 3 3 3 4 a
3 4 4 4 7 10 9 10 9 4 4 4 4 4 '4

3 3 4 4 9 9 9 12 9 15 9 4 9 9 7 9 10 12
3 3 3 4 4 7 9 12 9 9 9 9 12 10 15 9 4 4 '4
3 3 3 4 7 9 £0 21 23 27 23 20 10 12 15 12 9 9 9 s

3 4 4 4 9 15 23 24 21 15 2£ 24 24 23 16 9 9 9 12 9 C
3 3 7 9 9 12 20 23 29 44 40 35 35 29 35 33 29 24 23 23 15 12 It

4 12 15 15 16 23 29 40 37 41 35 37 35 32 35 27 23 15 15 9 24 S
3 20 24 27 24 24 35 52 54 52 46 35 35 35 32 23 24 21 16 15 12 s

3 24 29 32 29 29 35 444• 6 474 9 49 52 47 47 47 3? 15 12 1512 IC
7 24 24 24 24 24 35 35 47 52 -ý9 37 27 24 29 37 33 23 21 10 10 E
9 16 16 16 20 24 35 40 47 47 47 33 23 23 24 23 20 12 12 15 9 1
4 9 9 9I1 23 29 37 32 37 40 29 24 29 21 23 27 16 9 12 12 1
3 4 4 9 12 23 29 27 35 40 40 29 24 15 15 12 9 9 10 i

3 4 4 4 4 4 9 15 20 16 21 29 16 12 16 23 23 15 9 10 1I
3 3 3 3 4 4 7 12 9 7 9 15 21 9 9 15 15 12 4 '4

3 4 4 4 4 7 4 4 4 4 9 9 7 4 4 '4
3 3 4 4 4 3 4 3 3 3 3 '4

3 3 4 4 4 3 3 7 9 4 4 4
3 3 3

3 3 '4
3

COLUMN NO.:

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 2f

0.0 0.0 0.0 0.0 5.1 10.2 15.2 20.3 25.4 30.5 35.6 40.6 45.7 50.8
0.0 0.0 0.0 2.5 7.6 12.7 17.8 22.9 27.9 33.0 38.1 43.2 4863 53M'

EXIT PLANE IS IN COLUMN 79FIELO OF VIEW CENTER IS IN COLUMN 28 HORZ INCRENENT= 2.54 CH VERT INCREMENT= .72



S..... ..- __ - + 2

TABLE 12. SUBSCALE ENGINE PLUME SPATIAL DISTRIBUTION -NO INJECTION, I

3.513 Ii

R=2.46 SAC

3 3
3 3 3

3 3 3
• 3 3 3 3 3 3 3 4 3 3
-3 3 3 3 4 3 3 3 3 3 3 3

S4 4 4 4 4 4 3 3 3 3 3 3 3
9 7 9 10 12 10 9 4 3 3 3 3

15 9 4 4 4 4 4 4 3 3 3 3 3
512 9 9 9 94 7 4 4 3 3 4 3
- 99 9 12 9 9 10 4 3 3 4 4 3 1
23 23 15 12 10 9 9 7 7 9 4 3 3 3
15 15 9 24 9 4 4 4 4 3 4 7 4 4 3
21 16 15 12 9 4 4 4 4 3 3 Z 3 3 4

±5 12 15 12 10 9 9 4 4 3 4 3 3 3
3 23 z2 10 10 9 7 7 7 9 4 3
012 12 15 9 7 9 9 4 4 4 3 3 3 3 3
7 16 9 12 12 7 4 4 7 4 4 4
-5 12 9 9 10 9 4 3 3 3 4 4 3 3
3 23 15 9 1010 7 4 4 3 3 3
i915 15 12 4 4 9 9 4 7 4

I39 9 7 4 4 4 4 4 3 3 3 3
S 3 3 4 7 4
9 4 4 4 3 4 3

3 3
4

3 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53

6 45.7 50.8 55.9 61.0 66.0 71.1 76.2 81.3 86.4 91.4 96.5 101.6 106.7 111*8 116.8
•43.2 48.3 53.3 58.4 63.5 68.6 73.7 78.7 83.8 88.9 94.0 99.1 104.1 109.2 114. 3 119,

ERT INCREMENT= .72 CH

73•
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LE 12. SUBSCALE ENGINE PLUME SPATIAL DISTRIBUTION -NO INJECTION, MACH 0.7 AIRFLOW

UNITS=WATTS/STER X

BACKGROUND- 153

6 35+I36
37

65 38
77 393 3 3 189 40

3 3181 41
3 3 166 42

4 3 270 43

*4 3 337 4 4 3 569 46
3 2 3 3 4 653 473 3 3 752 48

642 49
3 3 3 3 563 59

*4477 52

201 54
3 3 99 55

52 564 3 62 57
3 o12 58

10 60
3 61

S35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56
-71.1 76.2 81.3 86,4 91.4 96.5 101.6 106.7 £11.8 116.8 121.9

'6 73.7 78.7 83.8 88.9 94.0 99.1 104.1 109.2 114.3 119.4 124.5

= + + • •, + •- , •-+• --= + 7 3:



SUBSCALE HAST RANGE(DET)= 3.513 4

RUN=587 FILE=299 RANGE (FRONT OF CAMERA)= 3.05 M SENSITIVITY= 75 ATTENUATION= 620 POWER=2.46

3
1 3 3 3 3 3 3 3
- 3 3 3 3 3 3 3 3 3

3 3 3 3 4 4 4 3 4 4 3 4 4
3 3 4 4 4 4 4 4 7 4 4 4 3 3 3
344791?0S7 4 915 9 7 3

3 3 3 47 9 1 20 23 23 15 12 9 3 3 3
* 3 4 4 7 15 15 12 15 10 12 9 10 7 4 4 4 4 4 3
3 4 4 4 9 10 10 12 20 23 15 15 15 15 21 9 9 4 4 4
* 7 4 7 9 15 15 24 23 9 15 9 9 9 4 3 3 3 4

3 S 9 9 £0 23 33 20 20 23 23 23 16 7 4 7 4 7 7 4 3
4 15 15 12 15 27 40 29 29 23 29 23 10 10 10 12 9 12 9 4 3
4 21 23 15 15 23 24 15 23 29 20 21 10 9 9 9 7 4 4 4 4
4 27 32 24 27 32 35 29 35 41 21 23 15 15 12 9 10 9 4 3 3
3 32 40 46 37 40 49 54 47 41 40 35 32 24 23 27 21 16 9 4 4
9 32 32 35 32 46 60 47 47 44 41 41 29 23 15 15 10 ±0 9 9 9

16 27 29 35 33 41 57 60 54 47 40 37 40 33 35 32 27 27 16 16
3 9 15 16 21 J9 47 54 64 74 64 47 40 44 47 46 52 35 24 9 4

7 9 9 15 4 24 29 41 58 5? 54 46 44 46 32 23 21 15 12 10
4 4 7 7 10 23 40 41 40 40 47 33 29 37 37 23 21 15 12 10
3 3 4 4 7 9 12 .5 24 24 29 37 35 33 23 12 10 9 9 9

3 3 4 9 21 29 23 15 15 15 12 12 10 9 10 9 4 4
3 4 4 4 4 9 20 35 46 24 10 4 9 12 15 103 3 4 4 4. 4 9 10 7r 7 9 4 4. 4 4 7

3 4 44 7 7 7 9 10 9 4 4 4 4 3
3 3 4 44 4 4 4 4 4 4 4 4 4

3 3 4 , 4 33 4 4 4 3
3 3 3 3 3 4 4 4 3 3 3

3 3 3
3 4 4 3 3 3 3

3 3
3 3 3

COLUMN NO.=

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

0.0 0.0 0.0 0.0 5.1 10.2 15.2 20.3 25.4 30.5 35*6 40.6 45.7 50.8
0.0 0.0 0.0 2.5 7.6 12.7 17.8 22.9 27.9 33.0 38.1 43.2 48.3 5

EXIT PLANE IS IN COLUMN 79FIELO OF VIEW CENTER IS IN COLUMN 28 HORZ INCREMENT= 2.54 CH VERT INCREMENT= .7



TABLE 13. SUBSCALE ENGINE PLUME SPATIAL DISTRIBUTION - POPS INJECTION, MACH

'I UNIT,

-6 8ACKGROUI

3
4 4

3
4 4 3 3 3
4 4 4 3
37 47 4 3 4 3

2 9 4 3
4 4 4 3
4 3 3 3
9 4 4 4 4 4 3
9 9 9 9 4 4

27 L6 16 9 4 3 3 3 3
24 9 4 4 4 3 4 4 3 3
15 12 10 9 3 3
15 12 10 9 4 4 3 3 4 4 4

9 9 9 7 4 3 3 3
9 4 4 3 3

12 15 10 £5 4 3
4 4 7 9 12 7 4 3
4 4 4 3 3 3 4 4

4 4 4 4 3 3 3
4 4 4 3 3 3 3 4 3 3
3 3 3 4 4

3 4 3 3
3 3 3 3 3 4 3

- 25 26 27 26 29 30 3£ 32 33 34 35 36 37 38 39 40 4£ 42 43 44 45 46 47 48 49 50 5£ 52 53 54 5!

45.7 50.8 55.9 61.0 66.0 71.1 76.2 81.3 86.4 91.4 96.5 £01.6 106.7 1.1.8 116.8 121.
48.3 53.3 58.4 63.5 68.6 73.7 78.7 83.8 88.9 94.0 99.1 104.1 109.2 114*3 119.4

NCRENENT= .7Z CHI
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NU

ABLE 13. SUBSCALE ENGINE PLUME SPATIAL DISTRIBUTION POPS INJECTION, MACH 0.7 AIRFLOW

UNZTS=WATTS/STER X

BACKGROUND= 153

3 32

49 39
56 40
91 41

162 42
155 43
213 44
175 45
271 46
340 47
296 48
413 49
639 50
612 51

3 3 727 52
3 3 76

54
3 4 4 4 515 55

331 56
213 57
235 58
122 59

97 60
3 66 61
3 3 3 4 3 3 66 62

48 63
3 22 64

33 65
3 9 66

9 68

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56

,0 71.1 76.2 81.3 86.4 910.. 96.5 101.6 106.7 111.8 116.8 121.9
68.6 73.7 78.7 83.8 88.9 94.0 99.1 104.1 109.2 114*3 119.4 124.5

74



NN
ga

SUBSGALE MAST RANGE(OET)= 3.513 M

RUNW587 FILE=312 RANGE (FRONT OF CAMERA)= 3.05 M SENSITIVITY= 75 ATTENUATION= 620 POWER=2.46

3 3
3 3 3 3
3 3 3 3 3 3
3 4 4 4 3 3 4 4 3 3 3
3 9 9 7 4 4 4 4 4 4 4 4 3 3 3
7 15 12 10 10 4 7 9 4 4 4 4 3 3 3 4 3 4 4 3
729•23 16 15 9 9 9 09 9 9 9 9 9 7 4 3 3 3
3 33 32 27 23 20 16 9 7 4' 7 4 4 7 4
7353535 29 3 16 3 23 12 10 7 4 4 4 3 3
3 23 32 35 46 37 23 Z3 15 21 23 27 29 12 7 9 10 10 7 3
3 12 20 24 40 40 35 47 35 40 35 24 20 16 10 10 9 9 9 7 4 3

7 10 15 29 29 29 32 37 35 33 23 20 18 12 9 4 3 3 3 3 4
3 4 7 9 10 29 37 29 10 9 10 10 9 9 4 3 4 3 4 4 4

3 4 4 9 16 20 9 10 9 9 9 10 10 15 15 12 7 4 7 4
3 3 4 7 4 4 7 9 9 12 7 4 4 4 i 4 3

3 3 3 3 3 4 7 16 16 9 4 3 3 3 3 3
3 4 9 10 9 .3 3 4 7 4 4 4 4 3 3 3

3 4 7 4 3 3 3 3 4 '4 4 4, 3
3 3 3 3

COLUMN NO.=

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

0. 0 0.0 0.0 0.0 5.1 .10. 152 1 20.3 25.4 30.5 35.6 40.6 45.7 50.8 53
0.X 0.0 0.0 2.5 7.6 12.7 17.8 22.9 2NR7. E 33.0 38.1 43.2 48.3 53.3

EXIT PLANE IS IN COLUMN 7,FIELO OF VIEW CENTER IS IN COLUMN 28 HORZ INCREMENT= 2.54 CM VERT INCREMENT= .72 CM



TABLE 14. SUBSCALE ENGINE PLUME SPATIAL DISTRIBUTION - POPS INJECTIC

UNITS

"BAGKGROUN

4i 33 3 3 3

3
7 3
9 7 4 3
3 3 3 4 3 4 3
3 4 4 4 4
7 4 7 4 4i 3 4 3

3 4. 3 4 3
3 3 3
4 3 3 3
44 4 3 3

3 3

2253 Z6 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

5.7 50.8 55.9 61.0 66.0 71.1 76.2 81.3 86.4 91.4 96.5 101.6 106.7 111.8 116.8 121.9

48.3 53.3 58.4 63.5 68.6 73.7 78.7 83.8 38.9 94.0 99.1 104.1 109.2 114.3 119.4 1

|NCREMENT= .72 CM

75

7 (The reverse of this page is blank)



ON-
TABLE 14. SUBSCALE ENGINE PLUME SPATIAL DISTRIBUTION - POPS INJECTION, NO FLOW

UNITS:WATTS/STER X

BACKGROUNO: 153

6 43

36 46
69 47

117 48

243 51

368 54
215 55
203 56
N09 57
66 58

?7 59
52 60
12 61

43 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56

0 71.1 76.2 81.3 86.4 91.') 96.5 101.6 106.7 111.8 116.8 121.9
-68.6 73.7 78.7 83.8 88.9 94.0 99.1 104.1 109.2 114.3 119.4 124.5

75
(The reverse of this page is blank)
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TABLE 17. FULL-SCALE HAST ENGINE SUSTAIN PHASE - INFRARED
RADIANT INTENSITY BETWEEN 4 AND 5y

Interferometer jso,d~~t Time from J 60* 0

gm/sec t 0 (sec) W/Ster J900 W/Ster/gm/sec

1197 5 to 6 4368 * 3.65

(1240) Hi F 11 to 12 4859 4438 3.89

(1220) Lo F 15 to 16 3549 3370 2.91
1197 18 to 19 3549 3296 2.96

(1221) Lo 0 20 to 21 2894 2810 2.37
(1250) Hi 0 24 to 25 2675 2356 2.14
(1220) Asy F 29 to 30 3385 3454 2.77
1197 32 to 33 2894 2888 2.42

(1221) Asy F 35 to 36 2730 2508 2.24
(869) Hi F 51 to 52 4696 4652 5.4

(834) Lo F 54 to 55 3385 3474 4.03
816 56 to 57 3003 * 3.68

(840) Lo 0 60 to 61 2675 2594 3.19

(869) Hi 0 64 to 65 2184 2196 2.51

(840) Asy F 69 to 70 3330 3324 3.97
816 72 to 73 2675 2574 3.28

(840) Asy F 75 to 76 2348 2470 2.80
(529) Hi F 91 to 92 4095 3544 7.74

(499) Lo F 96 to 97 2730 2338 5.47
476 101 to 102 1801 1628 3.79

(500) Lo 0 106 to 107 1801 1674 3.61

(528) Hi 0 112to 113 1692 1574 3.21
(499) Asy F 121 to 122 2238 2156 4.48

476 126 to 127 1557 1556 3.27
(500) Lo 0 131 to 132 1539 1512 3.08

476 136 to 137 1470 1576 3.09

*No data taken.
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FULL SCAL- HAST "Q .Tn S'aT. I ._T AyATT fF _ o(TfAING-- T)r 9.6C9 p

RUN-- i0 cILc= 29 RAIGF (t•OI' OF f, AHERA)= . 14 M SrNSITTVITY= 75 ATT"N'JATTON=2'_65 POWEP=
1 1 1 1 1 1. q )- -7 _7 _ _ ?'43 __I ____3

± 1 1 1 t I I 1. 1 1 1 ± 1 1 1 1 1 2 3 3 3 3 1 3 5
I t 1 1 1 1 % 1. 1 1 1 1_ 1 3 3 1 2 2 2 1

1 1....--I-------- 1----1- ----1- - t ± t -1 t 1 1 1 -I 1- 1

1. 1I 1 1 2 1 1 1 2 3

________. I ±11 1£111 1? I 1. 2 2 2 3 3 3 3 3
- -- 1--1-- 11 - -- - 2-- 1 ± A 3 3 3 3 1 3 3

1 1 1 1 1 1 1 - -4--- 1• - - - .....3 2 2 2 2 2 -

1 1 1 I 1 1 1 1 1 1 1 1 2 2 1 1 1
_I 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1

____-___ __- -1 - -1"- .... 1 - 1 1 1 A1 1 1 1 2 2 2
S 1 1 1 1 ¶ I 1 1 1 1 1 1 1 1 1i 1 2 2

_ 1 1 1 1 I 1 1 I 1 1 t__ _ _ _ _ _ _ __ _ _ _ _- -- 1 ± 1 . 1 1 1 1 1
1 1 1 ± 1 1 1 1 1 1 1. 1 1 1 1 1 1

1 I I I t 1 1 1 1 1 1 1
1 1 1 1 1 ± 1 1 1 1 1 1 1

4 ± - ± 1 -1 A
1 1 1 1 1 1 1

I1 1 1 1 2 1 1 1 1 1 1 1 1
I-- - A -1 1 1 1- 1 1 1

1 1 1 1 1 . 1 1 1 1 1 1 1 1 1 1 11
. 1 t 1 1------- * A I i 1----3----- 5 3--1

1 1 2 2 1 1 1
1 1 1 1 t 1 1 1 24 1 1 1-1---t---1---.... . -1--t .. ...... .. -1 1 1 ± I

-1 1 1-- -322 1 1 3 2 1 1 1 1 1

II1 1 3 3 4 3 3 1 1 1
-11 - 1 1 I £ 1 1 1 1 1 2 3 1

1 1 3 1 1 1 2 1 1 1 1 1 1 1 3 3 1

z ... : " " ; .. 1 •-1 -• • I -- 1. .. ! € 1. A 1 - 2 5 3 2i .1 2 3i

i ± 1 1-47 1- 1 1 1 1 1 1 1 1 1 1 2 1 1 f 1 1 9 1 51 1! 1 1 1 1• 1. 1 1 1 1 1 1 1 1 1 1 1 1 15 1 4 5 5 3 2 1

1 1 1 1 1-- -- - --- - 1 t 1 -I I ---- 3 - - 5 - 7 7 3 5 6 2 7 2 3
I-1 1 1 1 1 1 1 1 1 1 1 3 2 2 1 1 6 3 3 3 3 5 5 5 3 5

1 1 1 1 1 1 -- 1 2 1 1 1 2 27 5 10 7 7 3 4 1 It
1 1 I I I I I I 1 1 2 3 5 5 ? 2 5 5 7 9 7 6 5 6 i 5

1 1 1 1 1 1 1 1 1 1 1 1 3 3 4 3 3 3 1 1 2 3 3 3 5 7 7 6

i 1 1 1I 1 3 5 3 3 5 4 5 5 5 5 57 6 9 6 9910
I1 1 1 3 1 2 3 1 1 3 5 44 5 5 4 5 5 5 7 9 i 7 7 7 9 1 2 1

;-1 1 1 1 1 1 1 1 7 3 3 2 2 2 1 ' 6 7 e 7 7 9 11 11 1t11
t 1 t1-----l11 - -I-P- -3-- -- - 1 4 -4 5 5 7 7 9 10 7 7 9 9 10 11

1 1 1 1 1 1 1 5 3 31 1 2 3 5 59 7 9 9 8 9 9 9 11 11 11

1 1 1 1 1 53 3 3 5 5 5 5 5 5 6 9 9 9 9 9 9 10
1 1 1 1 I 1 1 3 3 4 5 5 4 5 5 6 7 6 9 7 7 7 9 11 12 13St' ..--- --b - --- ••- P -- - -- = - • 3 5 5 7 9 9 6l 7 9 10 10 9 9 8 10t-S1 3 5 7 3 3 3 3 2 3 4 5 • 9 7 7 5 9 9 9 8

£ 1 1 2 3 3 5 5 4 4 3 3 3 4 5 6 7 5 7 7 S 3 8 9 9
-3 3 2-2--------4-L- -3 -3 3 2 -1- 6 3 7 ---r- - - - 9L -

1 1 1. 1 1 1 4. 1 1 1 1 1 1 1 1 1 4 ' 7 7 7 7 7 7 6 7 7 6
1 1 1 1 2 4 ' 3 5 6 7 7 7 7 S 5 5 3 3 4 4

-- -- t"2-- --2-- -2 - 1 2 5 5 4 7 3 4 '4 3 a 3 3 5---&
1 1 1 1 ' 7 3 ? 2 ? 1 1 1 2 3 4 3 3 3 3 3 3 3 5 5

i1.t__1. 1 £ L1 . _ " 3 2 3 2 2 7 3 3 ' 2 3 3 2 1 :1.
£ 1 1 1 " 1 - 3 2 1 1 1 1 2 1 2 1 1 1 1 1 1 1 1 2 3 1 1
i I ± 1 1 1 1 I 1 1 1 2 2 4 3 T 3 2 1 1 1 1 1 1

-41- A4--.--4--1--4-----t------1--11-- 4 4- 1-2 4-
11 1 1 1 1 1 1 1 1 1 1 3 1 1 1 1 1 3

1 1 _1 1 1 1 2 2 ? 1 1 1 1 3 3 2 2 3 1
-1- - -1 - 3 3- 1 1 ± 1 14 1 1 4 1 1 1 1 1 1 2 •' I £ 1 1 I1 2 1 1 1

± --------------- --- --- --- - - ---

4 1

COLUMN NO.=

S2 4 5 6 ? ' 79 11 1- 13 14 15 16 17 q 1q 29 '1 -2 ?3 24 ?5 26 ?7 2V



TABLE 18. FULL-SCALE HAST ENGINE BOOST PHASE SPATIAL DISTRIBUTION, T 5 TO 6 S

-609 11 UNI
9i ACKGRC

Z __3_ _3 _ ------~ u__ 1. -2-L 
2  

4-- A A- I
3 3 3 5 .7 4 5 " 5 5 5 5 5 5 5 3 1 1 1. 1 1 1 1
ý1 2 2 2 3 2 1 3 1 4 4 3 4 4 5 5 4 3 3 3 2 ± 1 1 1 1

1 I1 -I- - I i e- ~ - 3 3 3 -3 3- -3 -1- -3-- 1- 1 1 1 I1 --
1 1 1 2 3 4 3 4 t5 3 5 4 4 ' 4 3 3 2 1 1 1 1

_3 3 3 3 3 4 r 5 S • 5 5 5 5 5 5 5 1 4 ' 2 1 1
_3_3 3 3 3 4 5 4 5 5 5 q 5 5 9 j 4 --- f -

2 2 2 2 1 7 . 4 4 4 3 3 3 2 1
4 _--2 ---1 1 - - . 2p- - - . 2- . - - - - 1 1 4--

1 1 1 1 1 2 ? l 1 z ? 2 ' ' - 1 1 1 1 1

1 ! 1 2 2 1 2 1 ' 1 i 1 • 1 . 1
"1 1 1 1 12 1 1 1 1 1 1

1 1 11 1 1

1 2 1 1 2 3 4 1 3 1 1
1 1 1 2To1a1 1 2 3 2 1 1 1. 1
3 2 1 2 3 C 5 5 3 . i 4 1- 4 3 1 1 1 -
5 3 3 1 5 5 1 1 3 r, 4 1 1 1 1

7- 5 5 7 2 1 7 F 1 ,2 3• 2 . 1 1 1 1 1

6 5 6 6 5 6 6 7 A 6 15 L 4 t; 5 3 2 1 1 1- 1
9s 8 7 6 6 6 7 6 6 6 A 5 5 5 6 5 5 5 3 1 1

.5 5 5 - . 6 _L ..---- _-_-- _- 7 . .a5 .. . 65- - -6__ ..7 _ -_--5 _-. -3-_-_- ±
1 7 6 F, 8 10 9 9 0 o 8 7 7 - , 6 7 7 7 6 5 5 3 1 1
1 7 9 7 7 7 9 IC to I" 1' it tr It . t 9 Q 9 8 7 7 5 5 3 2 1

-7 9 10 9 9 q q it1 t 9 Q C 9 a in 9 9 q q 7 7 7? 5 3 1 1
0 6 8 7 7 9 11 it 11 1 1.1 11 17 1r it ti 13 11 12 13 13 11 10 A 6 5 3 1 1 1

3 9 11 11 11 11 11 a g It 13 13 14 t7 13 13 11 11 13 17 1? 11 9 7 5 4 2 2 1 1 1
S7 9 9 10 11 11 9 9 i in 13 11 1' 13 ' 1`1 11 13 13 13 if- 11 9 9 7 95 2 2 3
S9 0 1t 11 11 ti 11 11 1 Z 13 14 14 11 13 !1 10 13 1, 1? 12 13 11 10 9 7 5 3 3 3_s_••- 9 .-- t,--, it- -.-- --- 15.--t,,,- 44-- -1-3-- .•"--1-3.---t-•- - - r 15.- 1.3 -. 9--1• -t----l--- 7 4, 2 2-- - 3 3- 1--1. ..

9 9 9 9 10 I1 I11 17 13 13 13 t14 14, t4 13 13 13 13 12 11 11 10 9 7 5 5 3 2 3
7 9 11 12 13 13 44 11 11 11 11 11 11 1? t 13 11 i1 1i 10 10 9 7 5 3 1 1 1 1

6A0 9 9 a t0- 9 q It I 17 11 it 1' 19 . 1i it 12 13 12 i le 7 4 2 1 1 1 1 1
6g 9 9 9 a ' v• f 1! 12 12 17 1' I1 ii it 11 11 12 11 9 7 5 1 1 1

4 9 9 7 8 9 9 9 s 10 11 11 14 9 q a 7 q q R 9 7 _4 I
"9 q a a 9 q q 9 8 10 11 it 14j -1 to 10 0 7 6 7 5 4 1
5 3 8 9 9 11 10 0 9 7 7 7 7 q 7 5 5 5 3 1

7 6 7 7 6 3 7 7 7 5 5 c; 4 5 5 5 3 3 3 1
£ 5 3 3 4 4 5 4 " 6 7 S ' 3 3 3 3 2 1 1

3 3 3 5-6 S 5 S 5 4 3 --1 I 1
3 3 3 5 14 5 1 2 1 1 7 1 1 1 ± 1 ±

£ 3 3 2 1 1.i i ~1 2 3 1 1 1 1 1_ 2 •' 1 1 1- 1 1
1 1 1 1 1 2 3 ' 1 1 1

I I . . .. . . - -... . . . . . . . .. . .. .. . . . . . . . . . ... . . . . . . .. . .. . .. .

2 8

24 25 26 ~7 28 293 3P 373 3 14 IS IS 37z IQ 11 43 41 '.2 43 4L 45 4F 47 48 49 54 5 52 53 5-4
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18. FULL-SCALE HAST ENGINE BOOST PHASE SPATIAL DISTRIBUTION, T = 5 TO 6 SECONDS

UNITS=WATT!S/STER X
9tACKG ROUNOJ= 156

55 5 5 5 5 5 5 3 1 i 1 1 1 1 1 130
4 4 4 5 5 4 3 3 3 2 1 1 1 1 1 102

4 '3-- 3 3 -3 1- -3- -3- ± ± I. i-1-
3 -.45 5 4 4 4. 4 3 3 2 1 1 1 1 107
5 5 5 -5 5 5 5 4 • 2 1 1 127

3 C 4"4 4 4 4 3 3 3 2 1 104
1 - ----- --ý- ----4.- 1 -- ---1-- 4 - A-t4

-2 2 4 2 2 1 1 ± 1 1 50
I I I 1 1 46

t 1 1 4 1 1 1 33
1 19

1 22

13
13

7
J Total = 8.08 KW/STER L3

A_ 6
t 5 to 6 seconds 14

1£
12

3 1 1 1 34

4. 4 3 t j
3 2 1 1 1 1 1 59

3 V 4 T 2 2 1 1 1 1 104
74 3 3 I I£ 1 ± 1_ 129

F~ 6 S 1 4 r 5 3 2 1 1 1- 1
- ' 6 6 5 5 5 6 5 5 5 3 1 1 161

6 _7 7__Z7 -5-- - S- 6 .. 57 -- 5.1 1 I
8 7 7 - 6 6 7 7 7 6 5 5 3 1 1 226

I1' 11 l I I1 I C 9 Q 9 8 7 7 5 5 3 2 1 271
9 9 0 in Q 9 9 q 7 7 7 -- 7-- 7 5 3 1 1 ....

1 11 II? t r I I ItI 13 1£ 12 13 13 it 10 A 6 5 3 1 1 1 315
't. 13 17 134 1 17 13 £1 £1 13 1 1£2 1£ 9 7 5 4 2 2 ± 1 1 336

I -" 13 11 1.' 13 t"I it £1 13 03 £3 it- ££ 9 9 7 r, 2 2 3
t13 14 '14 V t 17 13 £3 £3 1? 12 £3 £1 10 9 7 5 3 3 3 38?•t,+- t-14- ---- t3-A-•3--- IA- - I r 15- 1-3---l3--- 3--- 1 ------ g 7 4 2 2-.... 4 3--1- Sao

13 13 t 4 14 14 13 13 13 £3 12 It 11 10 9 7 5 5 " 2 3 368
1 11 II 1t 11 17 ti 13 11 11 it 10 10 9 7 5 3 1 1 1 1 359

1' 11 it V>i 12 11 £2 £3 12 £1 1 7 4 1 1 £ 1. I
12 12 1 " 1" i 14 11 il 11 1? 1£ 9 7 5 t 1 1 323
£' 0 11 £1 11 0 q 0 7 q 9 R 9 7 h. I £9
C 10 11 it J4 i I t 13 • 7 6 7 5 4 £'

7 7 7 7 4 7 6 5 5 5 7 3 1 237

~7 7 5 5 9 4 4 5 5 5 3 3 3 1 177
6 7 5 1 3 3 3 3 2 1 1 141

F 2 1 i I I 1. 87
-2 131 4 7i 3 1 31 1 1 4

_2 84
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rA~t~~TT~~ T f!r' ~.I T Un 7 ~F IVI A( V /A (T AN G= I~~ T q60 9

i M=12 -TL'E= 35 R~AtGr 4r)AnN7 OF tA'=~.1 (ýN3IT-IFT~Y= 7r A.TTEIJ'rJ Okl=2466; POE

1 +4 -- 1-- +-- 2- 1-. ± . .. - 2 3 - .-
2. ! '1 ± 1 1 1 2 2 ± 1 1 1

~. 1 1 - ± ± ± ± a a ± 2 3 - -1 1. ± 1 1 4" £ 1 1 1 1 1 1 ±

1I 1. 1 1 1 2 2 2 2
-_ 1 1 I 1 1 1. 1 1. 1 1 2 2 2 2

:++_ _ _ _ _ _ _ _----- -i .. . a a 1- - I-- ,. --- i ± 1 , 2 i 2
S 1 1 1 1 1 1 1 1 £ 2 1 1 2 1

1 1a 1 1 1 1 £! £ t 1 1 2 2
. . ... 1 1 1 1 ± 1 1 ± I a 1 1- 2 2

11 1 1 1
I 1 1 1 1 1 1 1 1 1 1 1_ _... ....... . .._1_1 ± ± i 1 1 ' 1. 1 a

2 1 2 1 1 1 1 1 1
21 1 2 1 1 11

_11 
11 a a a 4

"" 1 1 1 15 1 1 3 a --13-

3 52. 5 4 5 5 1 2 a a 4 5

3 'Z 2 1 2 1 1 1 1 1 1 1 1 1 6 6

I I 1 1 5 1 1 1 1 1 5 1 -3-t - T --- 4-- + -- - • - 1- 2. 1. - 1- - . -1 1 1 1 I 1 1 1 1 1

t '+ i i- A 1 1 i

i 1 i I a ' 1 1 1 1 1 1 1 £ 1 1 1 1 1 1

S1 1 1 1. 1 1
1.11 1 -1 a • 1+ 1 1 a a a 1111

1 1~T 1f 1 . a a 1 1 1 1 1 1 1 1 1 11
a a ' i 1 ' 121 a11111

-- 4-- -- t -4.. 1--1 -- 14~ . 4+ 1---Z 2 1 2 1. a1 1 1 a1 ±
1 1 1 1 1 1 1 2 1 1 1 1 1 a 4

S1 a --- 1 1 1 1 a 1 1 1 t 1 - 1 1 1. 1 1. 1 2

- • --•-- -- t -.. b 4 -i-- 1 1. I----1- - 1 ! 3 5 5 5 '. Is 4 3 3 I- --:3-

1.1 1 1. 1 1 3 5 5 6 •: 5 4 5 5 5 4 2 1 2 3 4 4 5-
a a a a 2 "3" 3 2 2 2 2 1 1 1. 2 3 "' 1 2 5 6 6 5 5.

a a"-- - 1 a . t 1 1 + 1+ -1 1 1 2 3 3 3 5 5 7 6 5 6 7 8
-7...._-___ 9 . 6 5 5 5 6 7 5 4

1 j 7 - 3 3 4 5 3 5 6 " 6 6 7 7 5 5 7 9- £ 1. 2 3 • 'x 3 3 3 3 5 3 3 5 5 5 Q 7 9 10 9 9 9 7
------------- ----------- t- ' 3 3 3 ? 3 6 5 c 5 7 4 4 4 5 5 9 9 -

lt I 1 a 1 £ 1 2 2 3 4 5 6 6 5 5 5 4 4 4 7 9 9 10
7 1 1 1 1 1 1 3 3 3 3 3 z 7 4 5 5 5 7 9 9 8 8 9 9 9"T--- . 1 2 - 3 5 5 t. 5 5 t 5 5 6 6 6 5 5 7 9 9 17

-. 1 2 -- --3.• - 2 7 3 5 5 4 5 5 5 4 5 5 6 7 9 8 7

4 1 a1 a 1 2 1 3
i 1 1 1 1 1 1 1 . 1 1 1 1 1 1 1 2 • 5 6 7 7 6 6 7 9 q ii

1 1 1 2 3 3 3 5 5 6 7 6 5 5 5 5 6 7 6
, a a a 1. 2 3 3 4 5 7 7 9 b 7 s -a a 1 1 1-1 1 2 4 5 5 4 6 7 7 6 5 5 5 7 7 7 9 9

S 1_'T 2 ? 1 3 4t 5 5 5 5 6 5 5 71

a 1 a 1 3 4 4 5 4 4 7 3 s 5 5 6 5 5 5

Ii I. 1 1 1 1 I 1 3 3 3 3 3 2 5 7 6 7 8 7 9 8 7 7

i - 3 3 37 --3 -2 -1-- 1 -2 5 5- 5 3 3 5 6
a a a a a a a 1 1 1 1 1 1 1 1 1 2 7 3 3 3 3 3 3 3 4

I I I I I 1 1I I I I i 3 i 1 2 3 5 5 5 5 6
-ii i-- I-t I -- a-i 1.a a 3 3 3 2 3 3 3 3 4 3 3 3 -3 --- 5-

I ..I- 1 . I ' I I 2 2 2 3 3 3 7 2 2 1 4 3
SA1 1 1t 1 1 2 1 1 2 2 3 2 -4 3 2 1 1 4 5

1 1 1 1 1 1 1 1 4 1 1 a a a ± a 2 1 1 1 1 2a a a 1 1 1 1 1 1 1 1 3 1 5 6; 5 5 4 3 2

. a a-,. ait a, ........- •---- - i-- ....- ,- --2--- ?-----p_ ' - 5 5 5 -3, A--4.... + ---

I I t I 1 1 3 3 3 1 1 1 t 1 1

1-a1 a a a i a1 . 1 -

1 3 5 6 in 1.1 12 13 14 15 16 V7 10 13 20 21 ?2 2! 24 25 26 27
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TABLE 19. FULL-SCALE HAST ENGINE BOOST PHASE SPATIAL DISTRIBUTION,

LI ± 2- 2 3 -2-- 3 -- A _4_4 ~ ~ i& I~. . 3 2±± L2 1 1 1 1 2 2 3 3 . 4 f. - . . .-5 5 5 ; 0 5 5 4 4 3 3 3 1. . . .S 1 1 1 1 1 2 3 3 4 5 C r 4 7 5 5 4 4 4 11 2 3 1 + -___ 2 3-____ 3 3 2 117222. 7 1 4 4 rot 3 -, 2 1 1 W/T2 . 1 2 2 2 2 ? 2 7 3 5 5 5 93 5 5 5 5 5 5 3 2 ?1I1 1 ? 1 - 1 1 3 L 4 7 3 t se o 3 ds1 1 2 2 2 2 3 3 1 7 72.. . 1 3 ± 4 , 3 1 1 • . . 3 ?21 1 1

-I-I .. . -2 -- '4 _ 2 ts I, - '4 4- 4 _ 1 -- L

7, 1 1 1 3 3 T 2 2 1 2 9 3 3 3 2 2 2 ?-- --1I 2 2 2 2 ? ?. . .- 1-9 10 1 ± -1- - 1 22 2 1 2 1, £ 5 1 5 1 1

2.1 1 1 1 1 17 g 1 1 it 11 1 1 11 1i1 1- 1 1 1 1 10 1 1 11 t 1 4 1 1 1 .1 4 1• 12 11 1 11 no-±- 1 '±1 1 11 1 1 ±t 11 1 4 I1 l 15 1 1 1 1- - 1 1 11i1 11! 11 1± 1 1 11
-1 1 1 6 1 6--..--- 1 1. . 1 . .a 1 • l - i 5 1 l 1 3 1 2 1

° +o~ 1 1 1. . . 1111 15 3 • " !• 1 3 • 2 1 1 1 I !

±1 4

1~~ 1 1jotaj - 7.73 KW/STER

"" 7 tO 8 SecOnds

It

3 2 1 1 1 111 1 1 1 1 14 1 2
1 1 1 3 3 j IS1 2 4 5 4 3 3 4 3 4 3 2 2 1 I46 4 3 3 '6 ----- 2 2 '-> p I± 2 3 4 4 5 4 3 ? 2 2 I 1 2 1 1 1 1 18 -2 5 6 6 5 5 4 3 C; 5 44 ~~~ 4 1 3 2 2 1 15 5 3 5 7 q 7 7 t I 1 1 3 . 1 1 . 1

9 6 5 6 7 8 7 q 5O 5 3t 3 3 3 2 1 1 ± 17 7 5 4 7 7 E 6 97 2 1-7 7 5 5 7 9 9 7 9 a 0 1 3 7 5 5 5 5 5 5 4 3 1 109 ±0 9 9 9 7 7 0 7 7 7 7 a7 0 9 q 9 9 7 7 5 C; 4 3 1 1g5 5 5 6 7 -6--- 7 5 7 a c. 9 1 i ~ ti ii it iti t± 9 9 8 6 5 5 3 2 1 ±_4 4 7 9 9 10 9 11 It 12 11 11 11 12 11 12 12 11 11. 11 10 9 8 9 0 7 5 5 3 2 ±
-5 5 7 9 9 9 q 12 ? I 11 13 3 17 t 13 t1 i i 13 1; 12 11 it I 11 11 3 8 5 5 3 3± _5 6 7 9 8 7 7 IQ q I I ir Ij ?~ I '> ' 13 is F 3 13 13 13 13 13 13 11 7 7 3 3 3 36 _5 5 5 t --.- &-j 3 13 13 t 1.4 13- I 1 i_ -~ J4, 14 _3 3 14- 1. 3 _ -3 13 1.4 13 17 11i 9 6--5 _-4 -- 4--6 6 7 9 9 11 It 11 13 14 t1' 13 13 17 1' 13 1 * 13 13 13 11 it 13 12 12 i1 9 6 5 3 39 5 5 5 6 7 6 9 q It I? 1'. 15 13 17 T 1 ' 17 13 43 12 i1 11 11 1 I' i 5 -R 2 2 286 7 S 10-*-----9 to it 0 9 k '~ I^ i 12 ii i 11 it ±3 It 11 ±1 10 7 .3 ± 1 1 1 -1-5 7 7 7 q 9 9 4 It i1 11 I1 It' 13 13 It IC 10 12 11 ±0 9 8 7 7 5 ? ±? 5 7 7 8 _9±1 10 t t10 s a q1 it 9 9 ±0 10 11 t 9 7 6 5 3 3 16t ir 15 t~9 4 ~ 1± 12 13 x I I ~ 10 t 8 a 7 5 5 5 5 4 2 ±4 8 7 9 8 7 7 a 8 7 7 7 9 7 .7 7 7 6 5 4 T 3 2 1 ±6 3 5 _5-----4 6 2 C, Q A -F. 7 ? 6 ---- J 2 1 2 1 ?-- I~_ _-3 3 3 3 3 4 4 4 6 7 7 5 4 2 7 3 -T 3 1 'k 2 2 1 13 3 5 5 5 5 6 5 5 5 'Z 3 7 3 4 i 5 3 3 1 ± 1 154 3 3 3~- -- 3 14 3 3 ? 3 7 1 3 1 1 ± 1 1 13 2 2 'R 4 3 4 2 2 ? I I 1 1 1 '; 1 1 1 1.2 A 2 1 1 4 5 5 3 4 7 3 3 3 z I t I± 1 1 2 7 3 3 2 1 1 1 1 1± 5 5 5 4 3 2 ± 1 1 1 1 1 1

'22 42 2 72 9 3n~ 31 32 31 34 75' 37 38 9 40 41 42 344 45 4 47 48 49 50 51 52



TABLE 19. FULL-SCALE HAST ENGINE BOOST PHASE SPATIAL DISTRIBUTION, T- 7 TO 8 SECONDS

S.UN-ITS=WATTS/STER X_

B/ZCKGROUNO= L56

•:• 3 4 L 5 ;- 5 C;5 5 3 3 3 P •- 1 - -- 1 its, ..
5i r, "r -3.5 5 5 4 4 4 3 1 99 1

3-; 3 1 3 3 3 3 2 Be •5

7 1 3 4 1 1 1 1• at -,
5 5 Q

3 2 1 1 1 76

p Toa = 7.7 ?W/STE 1 56

20

13

1.2
J Totl 7.7 KW/SER 1

I. 11.2

1 1. I .1. 20

t3 7 to 8 seod 7

5 "'5 3 ? 2 i 67 1
,2 7 9- 9 7 2 i 13_ 1 2 1. 1. 1 1 1 .•

5 4 • 9 3 C r -4 4 ? 2 1 1 124•3 1Z.
7 6 7 "3 S . 5 r 1 3•

-1 5 1 1Z 15 51 51 32 12 1 1 11 155 o 7 5 5 3 2
Qr q1 91 7 5• 5T 5? 5l 115 1 l 1 1 5 4 1 1 2403b
S1 1 13 a• 1 13 it 11 13 1t 12 11 9 1 9 1 11 5 5 3 2 1 1l -I1I it 11 12 11 12 12 it 1 13 1 I 3 to 13 3 10 7 5 5 3 2 1 329

-I r It I Q1 1-1_ 17 I'> •1 I. -. J3 I13-1 13 1 • 11i t t i 9 5 -- 2 1 • 1 • 2 -- 1 3r# 7•
t 1 131 3 1 T 13 '1 t 13 it I 13 VT 1.2 It i lZ 12 11 9 5 3 3 1.36

i 1 it1 13 VP 1' 1.3 1• S 3 13 1.3 13 1.3 13 11 in 7 3 3 3 3 1 354

S 9 t o I t 1 .1 it 1 .1 1 It 1.3 11 11 it 10 7 3 1 1 1. 1 I -t•S11 11 1[' 1 1? 1t. IC 10 12 it to 9 8 7 7 5 p 1 306
-t 1 9 :• 9 to 10 11 to 9 7 6 5ý 3 3 1 287

C' Q r, 7 7 .- -- 3- . -Z-- 2 1. 2 1 -t _ _ 176
7 5 4 7 1 1 1• " ' 2 ? 1 1 109

3 7 3 i I I. I
p 3 1 1 1 58

1 1 .... 1 6
31

3

0

3 33 34 75 'A 37 18 19 40 41 42 43 44 45 4,6 47 48 49 50 51. 52 53 4 55 S6
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PUt?' 20 rTLc= r6 'ý-G Or~IN C9=.14 0 ýNSjTjV!"Y= r, A~TTJUAT 104= 2469 POWEP=

I
__ _1 2 2 2

1 1. 2

1_ 21 1 2
7_ Z 2 -- 2 1 - -

I ? - -3ý--4--A.

2 2 3 7 2 2 1 1 1 2 2 2- 2
i 1 2 2 2 1. 1 1 t 2 2 3 4. 3

1 3 2 3 3 1 4 4 6

2 2 2 2 2 2 2 2 2 34 2 2 4 4
4 1 2 2 1 4 5 1 1 2 3 4 7

1 1 1. 1 1 ± 1 2 2 3 3 4 2 2 346
1 2 2 2 2 4 2 2 4 4
1 2 2 3 4 4 5 7

II 2 2 2 -2- 2 2 3 3 4 4. 3 2~6~..
1 2 3 3 4 3 2 3 4

1 1 >3 2 3 3 3 3-
1 2 1 1 .

1 2 2 1

0_ _ _ _ _ ttM -M 1 0.£ - -----

3 4 5 6 7 11 ± l 12 13 t4 15 16 V7 18 19 V ?1. ?2 23 2'. 25 26

0.[ .34 .4as 0.0 0.0 0.0 0.0 0.0 0.0 O*U
---. 4- 0.0 0l.4- 4.4 r. *1 - 0 .0 -- -0.t6 - -60.0 0,0 - - 0 1Q0 - *--A 0- 410-
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77L- -77
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TABLE 20. FULL-SCALE HAST ENGINE BOOST PHASE SPATIAL DISTRI

0oN z 2•46 POWER=

1 2 2 2 2 2 7 3 L. 4 A 4 4 4 4 4 4 4 4 4 3 3 3
1 2 2 2 2 2 2 2 2 3 4 4 3 3 1 3 3 3 3 3 3 3"1 " 1 2 21 3- 2 -2 2- -- - - 2----

1 2 2 2 2 2 2 2 2 3 3 3
I ± I ? 2 ) 3 7 -7 3 3 7 3 3 3 T 3 3 3 3 3 2 2

1 1 2 3 2 2 ? 2 2 2 2 1 ? 1 1o ; 1 ? ; 2 ? ~ ~~---A,+- 4J-- .-- 1 -.--

1W. %

J Total = 3.59 KW/S7ER

St =I14 tol15 seconds

1 2 2 1 1 1 1
I 1 1

2 1 1.1 1 1. ? • 3 3 3 1

2 4 4 4 3 3 3 2 3 4 4 1 1 - 2 2 1
2 1 1 2 5 5 4 5 7 6 4 3 1 4 4 , 3 2 2 2 2 1 1
_? 2 2 2 1 1 2 2 4 4 4 4 L 6 5 4 1 4 4 3 1 3 2 3 2
3 4. 3 3 4 4 6 4 3 3 3 4 5 4 4 4 5 6 ' 7 6 5 5 5 4 4 3 2 2 2 ±
1 2 -3~- 2-4--3-_4_- 4-- LL---4- 4* 4 5 4 4 4 5 7 fi- -r>. -6---7-- .
2 2 3 3 3 3 3 2 3 3 7 p F s p 7 7 % • 10 9 1 9 8 8 7 7 7 6 5 5
2 2 4 4 4 4 5 4 5 6 7 7 7 7 8 1 8 9 10 8 8 8 $ 8 7 7

2 2 2 3 -3 3 4- 6 6 6 t 9 9 q 19 P ±u 1e 11 ±8 0- tv1-----*O--8---8------?-
1 1 1 2 3 4 3 4 7 7 6 A F 7 in' 16 ,1'r 11 Ii it1 ii 11 1t it 11 10 ±0 9 S

1 2 2 2 4 6 6 7 8 b t 7 7 t 1 11 1t2 12 11 11 0 11 10 11 10 10 10 8 8
S2 2 3 2 2 4 4 5 5- 6 8 p 7 A p I q1 11 it 1i 1 0 t1 10 9 9 -- -9----8---7--7-
5' 4 5 6 4 5 7 7 7 7 ,. A b it 9 8 F q in 1c 10 9 10 10 9 8 A 7 6 6 5

23 - -4 ---- 4-- 6 - . - 7. 7 . 7 7 7 1 9 5-- 7- -. ? - - - 7 -8 -- 6 __6 5
3 3 3 4 3 2 3 4 5 7 6 6 7 " 6 7 6 R 6 0 o 7 , 6 5 5 4 3 3 ' 2 2

2 2 4 4 4 4 4 4 4 6 5 A F 6 6 6 4 3 7 7 6 5 4 4 3 3 3 2 1 1
2 3 3 4 4 5 5 3 5 6 E 6 5 4 L 4 46 r 4 4 2 2 1--_

3 2 3 4 1 2 2 1 1 4 4 4 4 4 7 3 7 4 t 3 2 1
33 3 2 3 3 3 3 3 3 3 3 4 " " '4 1. 2 " 2 2

S1 2 3 2 2 2 2 3 3 3 2 ; 1. 3
1 1 2 2 2• -1 .... . ....---- -- - t I 1_ _ __ _ _ _

1 3 2

171

+28 71 '.2 23 24. 25 26 27 28 29 3J ii 32 33 34 '• '6 37 3& 39 40 41 42. 4,3 44 .45+ AL.84L9 -l

0- U.0 8 O. o O.O 000 0 fl J.j C. 0.0 0.0 . a.q 0.0 0.0 0.0•,04 4- -4 . .. . . .... --0 -. O~ . •= ... ,•. . .Or - -O.O- - ----=,-tl - 0. .-
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TABLE 20. FULL-SCALE HAST ENGINE BOOST PHASE.'SPATIAL DISTRIBUTION, T = 14 TO 15 SECONDS

UNITS=WATTSISTER X

2 2 2 -ACKGROUND= 159

2 -t T 3 . 4. L 4 4 4 4 4 4 to 4 4 3 3 3 3 3 as
2 ? 2 2 2 1 3 4 T 4 3 3 7 3 3 3 3 3 3 3 2 2 77

t 1 1 2 9 3 2 -2? 2 -3- -3 - _ - -- 22 2_4#
S ' ? 2 2 1 2 3 3 3 7 3 1 7 3 3 2 2 2 70

.3 7 3 3 3 3 3 t 3 3 3 7 3 2 2 2 1 70
-2 2 2 2 2 p ' _3 ~~2 2 2 ~ 1 1_3

1 22 3 2 2 2 2 2 2 2 1 2 1 1 39

0

S=J Total = 3.59 KW!STER _________________

0

0

t 14 to 15 seconds . . .. 3
0

I 1  1 1i 9...

i~ 1 5
1 1 ?~ 3 3 3 1. 23---- __

4 3 3 3 2 3 4 4 1 11 2 2 1 4
7 6 4 3 ' 4 4 7 3 2 2 2 2 p I ?b 7
L, 4 6 5 11 4 1 4 4 3 1 P3 2 3 2 2 126

S 4 5 4 4 4 5 6 7 7 6 5 5 5 4 4 3 2 2 2 1 126
r 4 4 4 S 7 6__6 -1 6 6_6 4 4 91 7 . 2 1 I1.Z

p7 f 5 p 7 7 q 10 9 v 9 8 8 7 7 7 6 5 5 4 2 199
7 7 7 " 8 Q -1 8 9 to 8 8 8 • 8 7 7 6 4 2 233_6 "' t: a 9 Q Cl il9 A ir iP u le it iP. to - 14-t} - H I'-7---f-, 1 5i

A F, 7 I ni in 10 11 i I1 i 1 ii i t 11 it ±0 10 9 8 8 6 2 262
p P b 7 7 t 11 il 12 12 11i t t0 18 10 11 10 10 •0 8 8 7 5 2 266

a p 7 p•I , q -1 11 i i t1 ±O i 1.0 9 9 9 -J 8 -7 -
S t 1. t 9 3 F q JP ie 10 9 ±0 lb 9 8 A 7 6 6 5 4 2 252
F 7 7 7 1 9 5- 1 --- 8 a -- -7-- 6 6 6 4,--_--16 L 3 9 2_ yes 9

6 . 7 6 7 6 R 6 F- o 7 C 6 5 5 4 '• 3 7 2 2 1 152
5 F F a 6 6 4 5 7 7 6 5 4 4 3 3 3 2 1 1 133

'6 6 ~ 6 5 4 4 4 '4 C; 4 4 !w 2 2 A- ---- ----- ---- -10

4 L 4 4 4 7 3 - 4 3 2 1 81
3,4 • 7 1 2 • 2 2 67

"3 ' 2 1, 3 '. - 9. - .5
2 4 1'4

1 ~ ol 00 00 "l 01 co 00 00 00 009o

868

I--

S.. .. 13 3 4 ' 373r3 •4±4 3 4 4~Z190I25~-k-- • 5.-5.-



FUL !A17-HAaT-!9)S I'rr"N'; CT ±'.:c1 FT ALT TTJ'll MOIclrDO AM /A( )RNK(E)=9.

RUN= P? TLF= 76 "Akirr (c'm•fý r~r ý3.'A)= 4;.14 ' Sr• ITIVITY= CO ATENUJATIfl=2455 POWED=

-2

2 1 1 2 1

3

2 .... . 1 2 2 1 2 1 2
2 2

1 1
12 2 2 1 2 2 3 4

1 - 1 1 2 3 3 3 3 -42 2 2 1 2 2 2- 2 2 2 3 2
1 1 1 1 1 2 2 4 4 4 '1 1 2. 1 2 2 2 • 2 3 3 3 3 3

2 9 2 2 2 3 2 2 2 2 2 3 4 '
___.... ...- - 12 1 2- 2-- 1 2 3 3 3 -4* --3- 3- 3 - '4

1 1 2 3 3 3 7' 4 4 5 A4
I I 1 3 3 3 2 2 2 3 4 5 f

2 2 2 2 2 ? 4 4 '4 5 f
1 1 1 1 1 1 1 2 3

t 2 2 2 2 4 '
I I ± 1 1 2 3 3 2 3 3 2 2

1 2 ± 2 2 2 3 __-- -- -
1 . 11 3 4 4.

1 2 2 2 1 1 1
1 1 1

1 1t

iCOLIP4N NO.=

F3 . 5 11 ' 21 11 12 13 44 15 16 17 18 ?9 20 21 ?2 23 24 25 26 27 21

-- , . - •.~, 4t . ~ .u � 1J. 0.11 0.0 0.0 .0 0.0 0.0
040 P.0 6.0 '0 C.j ..3 C 0.0 0.0 3.0 0.0 0.0 0.1

•Y!T PL4. 'FS TN n LLm'19 L fLn 'n4td CFMT FO IS TN OL1"1N 28 HnpZ IM Qv#4cNT= 7.62 C4 VERT INCREMENT= 2.14 1
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TABLE 21. FULL-SCALE HAST ENGINE BOOST PHASE SPATIAL DISTRIBUTION, T = 21 TO

.6C9M B AC,

4.• t ±-L-- , ' 2 2• 4-_ • -! - -3 o _ -3• - • 3 . ' 3 -

11 1 1 1 2 2 2 2 ' ' 3 2 2 3 3 3 3 3 3 2 2 3 2

2 2 2 ' 2 2 2 2 -1 3 2 3 2 2 2 2 2 2 1

t 1 1 ? " 2 2 2 2 -2 2 -2----?-- 2 - 2---
I 1 1 ? 2 2 2 7 • ' • 3 3 3 1 3 3 3 3 • • 2 2 2 2 ±

1 1 1 1 2 ' ' 2 2 2 2 - 3 • 3 3 i 1 3 3 3 3 3 3 2 2 2 1

I .1 ' ' ~ " 2 ' 2 3 2 -2- 2 _2__ 2 '_
I I ' 2 . 2 2 2 2 2 2 2 2 1 1 1

J Total 2.78 KW/STER --

t =21 to 22 seconds

2 1.
1- - 2 ; 1 2 2 2 2 1 t 1 1 .

I 2 3 ' 2 2 3 2 2 1 1
1 ± 2 2 4 4 L. 2 1 1 ' ' 2 2 4 3 3 2 2 2 t _ _ _ _

3 4 3 3 4 4 6 6 7 6 3 2 2 2- -A
S2 2 2 3 2 2 2 3 4 1 ." 6 6 6 (1 5 6 5 5 5 4 3 3 3 2

2 1 4 . 4 3 2 4 6 6 6 el 7 6 6 6 7 7 7 6 6 6 5 4 4 3 2

3 3 3 3 3 4 5 F 6 7 7 7 1 6 7 7 7 7 7 7 6 6 6 4 3

2 2 3 4 4 3 5 6 E 6 7 7 a 7 7 7 1 8 b 8 7 7 7 6 6 6 2 1

" -3- 3- 3 4 6 6 6- 7 7 7 0 is oe 51. q_ __9 8 - B-- F____-_7-- -- - 6
3 4 4 4 3 5 • " 7 7 • " ± I• 10 1• 10 9 10 6 • 8 7 7 7 3 1
7 4 4 5 4 E 7 "7 a a 9 9 q to0 9 9 9 8 8 7 6 6 6 3 1

2 3 4 5 6 I 6 6 6 6 '7 6 A -1 7 8 8 o 9 8 6 f 7 - 7 6 5 4 ---- 4------. .

4 4 4 5 6 r, b 6 6 6 7. 6 7 7 7 7 6 6 6 6 5 4 4 3 2 1

I 1 2 3 4 4 6 5 5 5 7 4 • 4 5 6 7 6 6 F 4 4 1 3 2 2 2

2 2 2 4 4 4 r, 6 A 6I 4 4 4 4 9 4 4 3 3 2 2 1

2 3 3 2 2 2 4 4 6 5 L 5 4 3 3 3 3 2 2 2 1 1 1

__ 3 J6 -2 z 3 4 4 5 5 4 3 3 3 3 3 3 2 2 1.

± 3 4 4 3 7 3 ' 2 2 2 1 2 2 1 1 1
2 2 1 1 1 1 2 • • 1 • 1 1 1

1 2 2 1
1. 1 1

• g, OG 0.1• •..O -4.0- t.,,. , ,C.. ,1.. 0.•0 ' 0,0Q i.O - 4-- .-0, 90 0 0 n 0 _0no

-0 .0 0.C 0.0 Q.c 0.P '. n.. .. 0 . 0 0.0 0.0 0.0 0-0 7,

RT INCP"fENT= 2.14 C1
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BLE 21. FULL-SCALE HAST ENGINE BOOST PHASE SPAT!AL DISTRIBUTION, T = 21 TO 22 SECONDS

UNITS=WATTS/STER X

BACKGROUND= 159
- __ . 2 = _- - -5 .. . 2 _ -_ 3--_ -- 3-. 3 3 "- 5 af 7

,2 2 2 2 ' 2 3 2 2 3 3 3 3 3 3 2 2 1 2 57
1 1 2 2 2 - ' 2 ? 2 2 • 3 2 3 2 2 2 2 2 2 1 44

t 1 1 2 • 2 2 2 2 2 -2-- 2---'2---2-----2------P -3-6-
2 2 '1 7 1 7 3 3 3 3 3 3 3 3 -4 1 2 2 2 ? 1 62

2 2 2 2 3 3 i 3 3 3 3 3 3 2 2 2 1__ 67 -A
i ? 2 2 2 . 3 2 2 2'1 1 W

2 i 2 2 2 2 2 2 2 2 2 1 1 t 33
t- i I I -1 4 t. -.. ... . . -- 1

0
0

JTotal _=2..78 KW/STER ft__________
0
0

t 21 to 22 seconds 0

_1 6
2 2 2 1 1 1 1 .2 . . .. .. .. l122 t 2 2 3 2 2 ± 1 3 A

2 1 1 2 2 4 3 3 7 2 2 2 1 57
!5, 5 5 5 4 4 3 2 2 --P - -V ---- 3,, 6 6 6 6 5 6 5 5 5 4 . 3 3 3 2 126

67 6 6 7 7 7 A 6 6 9 4 4 3 2 1503
6 F 7 7 6 7 7 7 7 7 6 6 6 4 -.-- 5 --

E 6 7 7 a 7 '" 8 b 8 7 7 7 6 6 6 2 1 190
6 A_ 7 7 7 9 _ 9- 7 --863
A 7 7 p 3 p 12 i n to C to 910 5 9 n A 7 7 7 3 1 229
A ? 7 7 a a 9 1 9 q tO 9 9 9 8 8 7 6 6 6 3 1 2t2
6 6 6 7 2 A 7 8 8 o a f 7_ 6 5 4 ---- 4 --- 2--- - 2____
6 6 6 6 7 7 7 77 6 6 6 5 4 4 3 2 1 170
5 5 5 7 __ 5 6 7 6 6 5 4 4 1 2 2 _ 123

.6 A42244415 4 4 1% 3 2 2 B
4 5 -3 4 ,3 3 3 3 3 3 2 2 1

2 2 2 1 2 2 1 t 1 42

S~5

0?

1 32 3' 3 " 1 IF 17 30 39 40 *1 42 -*3 44 4r 46 47 -48 49 50--- 5V_ 53--5556

., .- 0. , f'.G ".0 -!.!.a-------.-0-- 0-0 0, 0 5 2
0 C o.r J.ý r.n 0.0 O.u 0.0 0.0 0.0 0.0 0.0 7.6 22.9



;VULL -ZrALý WA5T *"9105=I121N A(P)/AT0ItINEfl ) 9.609M

!RU4J 32 FILE= 9 1 QANGF (rPO.4T nr f-U.A-rO = Si.1 I Sc 9ý~SITIVI TY= 50 ATTENUIMIOMI2465 POWEP=

I 1 2 2 2
1. 2 2 P 1

1 2 2 2
P__ _ _ _ _ _ 2 2 P 1. 1

jI

1 1

1 2
2

1 2 2 2 2 1 2 1 1

2_P_2___ 1 1

3 3
1 2 4 4 4

2 2 1
2__ __ _ 2 3. 2 2 3 2 4 1 5 2 2

2 1 2 2 ± 2 32 4 4 7
1 2 2£± ± 2 2 3 32 4 4

12 2 1 P -2 2 1 2 - 4 4 64
2 2 233 4 4 4 4 4 4 3 6 5

4 1 4 3 3 4 4 A4  5 7 ) 6 7

2 1 1 11 2 2 2 2 4 4 3 T 6 7
__ _ _ _ _±2 2 2 2 4 4 44 6 6 7 6

_a__ _ __ _ - 2 2 2 2 2 2 2 2 2 2 4 4 6; 6 7 7

1 1 2 211 23 3 4 4 4 2L5 4 4 66 6 7 7
1~ P - -----.- 4 - 2------------- -22- 2 - 2 1 2 2-------5--7-5---&4-57---

2 4 42 3 4 4 4 4 7 6 2
1__ _ __ 2 3 3 3 4 4 4 2 2 4 63
1 2? 2 2 3 4 6 5 4--

I 1 1 1 1 ~1 1 2 2 3 2 3 4 5 6 6 6 6 6 7
1 1 2 ~ 11 2 2 2 4 4 1

1 1 1 1 ± ± 2 2 2 2 2 2 4 6 2 4-

__ __ 2 n i 2 0 1 5 1 7 i 1 20 21 ?2 23 2 25 26



TABLE 22. FULL-SCALE HAST ENGINE BOOST PHASE SPATIAL DISTRIBUTION,

-QT) 960

2- POWEP=
I_ -- A-±.-2 -- 2 -2--4 3___3 3--3I.L' ' 4 T...-

1 2 2 2 2 2 2 2 2 2 3 3 4 4 4 1 7 4 4 4 4 3 3 2 Z 2 11
2 1 1 1 1 £ 2 3 3 3 3 3 3 3 3 3 3 3 2 2 2 11

1A - 1--2 2 2 -? ? 2 2--- 2- --- - --- 3--- --3- 7 2--- 2- 1 1
£1 2 2 2 2 2 2 1 3 3 3 ? 2 3 3 1 4 4 4 3 3 2 2 1 ±

£ ~ 2 2 ? 1 2 p 3 ' 3 3 3 ' 3 3 3 7
1 1 T 2 2 2 2 P 3-3 1 - 3 3 3 3_ _3 2 -- 2 -

± 1 . 1 1 1 2 2 2 7 2 2 2 2 2 2 2 1 1

- . 1 1 1 2 2 2 2 2 2 2 2 2 1 1 1
1 1 1 1 1 d 2 2 '.1 1 1 1 j

-J Total= 5.11 KWISTE R

t 26 to 27 seconds

1 1 2

1 2 2 4 3 3 22 2 2 1
11 2 2----3- -4 ' 3 2 2 -2 2 2 2 2 2 1 i ±

1 4 'A 1 2 -9 4 3 3 3 2 1
3 2 2 1 1 1 2e 3 3 4 3 ' 4 4 4 4 4 4 4 1 2 1

2 4 3 4 4 4- ?' '7 4 4 5 6 5 5 4 7 2
3__ _3 3 2 4 4 3 5 5 5 6 L. . 4 4 L 44 5 6 5 5 4 4 2 1
5__ ± 2 -3 2 Z .3 -3-- 3 4 4 4. 4~- -3--. a5 4 q5 . -5- 4 .3 3 2_ _

86 -- 1 2 4 4 4 3 3 5 7 5 r 6 6 r)6 5 6 7 7 6 6 6 5 4 7 2
8N 4 3 5 5 5 4 5 7 7 (__ A S 7 7 q a T 7 q 7 7 6 6 5 4 2 P

7 4 4 5 6 4; 6 -6 7 6 7 7 7 7 -- A 13 7 8 0 8 7-- 7 6 5 4 2 2 1
04 3 2 T 7 8 8 7 7 7 f Is 6 8 7 6 7 7 b 8 *' 7 7 4 4 2 2

74 6 6 7 7 7 8 9 4 8 8 R p 3 6 9 q 9 sA 7 8 8 7 6 o. 4 3 2 2
6 6 7 7 -9- 11 it. 1r it 13 q 4 " m 8 q 10 to 1 8 9 7 4 4 '3 -?- 2

8M 6 6 7 7 7 7 7 q f q 9 A .8 ill, 1 ' 10 9 10a 8 7 5 4 4 3 3 3
-4 -5 -7--. _ .. ~----6---6.- a 6 a 1 4 In-4 --- 4.4 t.....- ~4ZD-_14 9 &--- -7 - 5 4~-- 4- 3 4

1 5 7 6 7 8 8 R IA 1" r I I ' 1 IA 1 i If 1u 9 9 8 8 7 6 4 4 1 3 3 1
7.. 6 7 8 8 8 8 9 8 r f 10 11 in If LI II i i 9 9 9 8 8 7 6 4 4 3 2 2 1

7_ -6 6 5 5 6 7P--t " 8 I ~ A ot q to 9 9 8 a 7 6 5 ~. 4 --- 2
6 6 6 6 6 7 7 6 7 7 7 8 9 10 * 9 A 8 9 8 8 7 7 6 4 4 2 1

6 4 6 6 7 _;7 6 7 7 7 7 7 7 6 ' 7 7 6 7 7 7 6 6 5 4 3 2 2 ___

6 6 6 6 7 6-__5 4 o -F 7 7 -~ 1 7 7 7 7 7 6 7 -6 5 4 -4 2'- _

6 5 4 4 6 6 7 6 5 S f 6 7 7 F. 6 7 ' 7 7 7 6 A' 4 3 3 2
3 Ai 5 -6- -- 5----6---7--- 7---- 7-- 6-,- -7-----7-- 7--7---A-- -- __6- -'---7_4 2 _ 5 -4-__-_--2

3 4 4 s 5 6 5 4 4 L. 4 4 4 3 4 6 6 4 1 3 3 2 2 1 1
2- 4 4 4 3 2 3 3 3 4 4 F 4 L, 6 4 5 r 4 4 4 3 2 2 1

4 2 2 3 3 4---- 4 1, 4 8' 4 4 4 4 .. 3 2 1 2 2 1
2 2 4 6 5 4 2 2 3 I. 3 ? 3 ? 2 " 3 3 2 1 2 2

1 1 2 2 1 _- Z a 2 3 ~ -_I 2 1
1 1 1 2 4 4 3 ~ ' 1 1 1 2 2 2 1 11

22 2 i 2 2 1 t
2 2 2A- ~-4----- -------

1 ~2 2 2 2
2- 2 2 2 3 2 2 I2 1

27 .-

-2 23 2'4 25 26 27 28 2Q 3" 31 32 33 34 15 36 37 la 34 4.j 41 42 43 44 4C 46 47 48 49 50 51. 52

88



-.

T -TABLE 22. FULL-SCALE HAST ENGINE BOOST PHASE SPATIAL DISTRIBUTION, T = 26 TO 27 SECONDS

UNITS=WATTS/STER X

, 3 -- BACKGROUND= 159
• 2 7 3 7. 4 ' " 4 4 , , 3 3 2 2 2 1 1 76

3 3 3 3 ' 3 3 3 3 3 3 7 3 3 2 2 2 1 1 65
"2 2 3---" 2---• -3---3 3 2 2 2 1 ±5
232 3 2 2 4 4 4 3 3 2 2 6. 1 66

2 3 ' ., 3 3 ~3 3 3 9 9 ± ±66
2 - -1l~ 4 4 13 3 3 3 W 2 1 ±-

1 1 2 2 2 2 2 2 2 2 2 1 ± 1 29
-2 z 2 2 ± - - r .-- 1-

,; ? Z2 2 2 1 1 29_ 7

±0

J Total = 5.11 KW/STER 0

0

t =26 to 27 seconds 
0

au

2

4

S2 • 2

2 4 3 3 2 2 2 2 1 26

3 2 2 2- 7 2 2 2 2 ? i--26-- - - _ _ _

,4 3 3 •' 2 t 4 3 3 3 2 1 45
.3 3 4 1 ~ 4 4 4 4 4 4 14 3 2 1 76
4 -4 4 '_ 7-- 4 4 5 6 5 5 4 7 2 zu

4 4 L- 4 4 5 6 5 5 4 4 ' 2 1. U28a
4 • 4 -t _3 _S -4 _5 6_ 55 _ .4 3 3 2 116,
5 6 6 6 6 $; 5 6 7 7 6 6 6 5 4 1 2 ±35
1 C; 6 7 7 q R 7 6 6 5 4 2 27 7 7 -- A 8 7 8 o 6 7- 7 7 6 5 4 2 2 1---
t A • 8 7 6 7 7 b 9 8 7 7 5 4 4 2 2 199
8 ' 8 i • 9 Q 9 1 7 8 8 6 7 6 t 4 3 2 2 2M9

I j C 1" q 9 10 10 10 8 9 7 "7 6 4 4 3 2-
4- 9 8 1 9 U 9 10 9 ±0 8 7 5 4 4 3 3 3 ± 253
.€ , -- - - .-.--------------- --9-- - - - 5 4__ _. _ 4 1. 4 _ _48

±1, 1, 9 1, '" ±0 13 0.l tu 9 9 8 8 7 6 4 4 7 3 3 1 257
f 10 i1 in A r 1,] t1 1 9 9 9 8 8 7 6 4 4 3 2 2 1 254

i 10 A 7 A A 9±0 q q 8 8 7 6 5----, ---3 --- 22-
q . 9 ±0 - 9 9 p 8 9 8 8 7 7 6 4 4 2 1 237

7 7 7 6 7 8 7 7 7 6 6 5 4 " 2 2 210
6 7 q 8A 7 7 7 7 7 6 7 -6 5--•- -L-- 2--...- - -o
6 6 7 7 A 6 7 ' 7 7 7 6 r 4 3 3 2 isa

-- --- - & 7--- 7- .. 7 -.- ---- --- 3-----2--- -. _-
', 4 4 3 '. 6 6 4 3 3 3 2 2 1 1 120
S4 4 6 4 5 C , 4 4 4 3 2 2 1 101

8 4 4 4 4 3 2 1 2 2 1.-- -- ---- -9-1-
7 3 ? 2 " 3 3 2 1 2 2 76

-2 322 A 2 2 1---3
1 1 2 2 2 1 1 3L

2 2 2 1 t 2 1 20

2 1. 21

" ~0
0

0

3 32 33 34 35 36 37 15 34 4.a 41 42 43 44 4= 46 47 48 49 50 51 52 53 54 55 56

88



FUILL qCAIY 'lAST "!Qn ~T" cIrTMIN r'i-TC 14. ' r.. ALYTTUI1E MO,111EQ-A (F) A(T p A1 ME ET) -0. 6Q v~

RUN-- 46 =tLE=112 RNGr (ercn4' OF •-'ofA= 9.14 'cNSITT!VITV- 50 ATTFNUJATIOq=2455 POWER=

£
__. ... ..... . . . . . .. -I - -...2---- --2- °-z -i--

1 2 2

I

2 2 2 2 3 2
_ 1 2 2 2
1 2. 1 2 4 4- 3 '3

2 2 2 2 2 3 2 3 4 4 2

1 1 1 1 1 2 3 4 4 4 4
1 1 1 2 2 3 3 3 3 3 4

9 ± 2 2 2 1 -3-4---4 4- 3-
1 1 2 ± 1 2 2 3 4 S 4 3

1 1 2 4 4 4 6 5 5 6 6
1 2 3 ' 2 2 3 3 "3 - -5 6 6-

t 2 2 2 2 2 3 3 3 3 4 4

1 2 2 2 3 4 4 4 3 4 5 6
1 3 3 7 2 3 2 2 3 5 6 7

1 2 2 1 2 4 1 4 4 4 - - -3--3-----4- 3 --.
2 2 2 3 1 2 2 2 3 5 6

_ _1 1 1 1 2 4 3 3 3 3 4 4 4
1. 1 1 1 1 1 2 2 3-4 4 -3 --

2 2 3 7 2 3 3 3 2

1 2 2 2 1
1 1 2 2 1 1 1

1-. 4 -4 2 11 1 1 2 2 2 2 1

1 2 1 4 5 1 " " In Ii 12 13 14 15 16 17 18 19 20 21 2P 23 24 25 26 27 28

S0.0 0.0 0.0 "0.C r.1 0,• '.n 0.0 0.0 0.0 0.0 0.0 0.0 0.0
".0 0.4 G. , r. .p 0. 0.0 0.0 0.0 0.0 0.0 0.0 0.0

-XIT OLAqr IS IN COLIIMN5,riELn or 't'Tri r.NTEP IS IN nLIJM4 29 Hr)07 INrzFMcNT= 7.62 Cm VERT INCPEHENT= 2.14 C

/



TABLE 23. FULL-SCALE HAST ENGINE BOOST PHASE SPATIAL DISTRIBUTION, T = 41

• . SACKG

1 £ 1 2 2 2 ? I 2 2 3 2 3 2 ? 2 2 2 2 2 2
I t 1 2 - 2 2 " 3 ' 2 3 3 1 2 3 3 2 2 2 2 2 2

P2--i- 1 2 1 2 3 3 3- -T l-- -3- -- 2-----2 -2-----2- 2 2 2
1 1 1 , P 1 2 2 2 2 3 3 3 2 3 3 1 2 3 2 2 2 2

1 2 2 2 ! a i 2 • 2 ' ? 1 2 3 2 3 2 2 2 2 2 2 2 1 1
--- .. . ... t- I i 2 ? 2 2 ' • P - " . . -?- -2 - ... 2-- 2 -I-- 1-

- 1 . 1. 1. 2 2 2 2 2 2 2 2 2 F I I
i. 4 t I

J Total = 3.27 KW/STER

a;1 ± - t = 41 to 42 seconds

2 2 2 2 3 2 2 3 4 3 1 • a a
1 2 2 2 2 ? 7 2 2 1 2 2 a I_ _

7 __ 4 -4 3 '3 2 2 2 7 4 11 4 ' 22 2 2 1
40 2 3 4 4 2 3 '. 4 '4 5 5 '. 4 4 4. 4 4 7. 2 1 1 1 1.
C; _.-43 3 5- -~- ---4 3 3- 4 1 4 4 4 4 -4-_ 3 -- 2 2

ý4-3 4 4 4 4 4 4 5 5 5 6 6 C 7 7 6 5 4 4 4 4 4 3 2 2 1
3 3 3 3 3 4 5 6 6 p r r 6 5 5 6 6 A r 5 6 5 5 4 4 3 3 1
6- ~ 4 - 4 3- 4 5 -- 5- 6 C ; 6 C, 7 7 7 6 7 7 7 7 7 - 7------6

S3 4 5 4 3 1 R 4 F 7 ' A 97 a q q A A 8 8 8 8 8 7 7 6 6 2
S6 5 5 6 6 6 6 7 b F _ s il' 13 1^ 9 10 to ta to 9 9 i 8 a 7 7 7 3 1

- 5 6 6 5 C 7 7 1 1? it VI 0 8 9 9 ia if. 9 10 to 9 8- 8 7 f -
3 3 3 4 4 6 7 7 7 ' 6 3 1.• o 13 in I" to0 i a 8 8 f! 7 7 6 4 2

S 4_-_ S-.3.--.~ -k.- -75-- 7 9- 9 i 12 - 18l-4 -10 __9 -A _ _ .A 7 7- r, A 9 4 p
4, 3 4, 5 6 '1 * • 6 • a 7 P 1] • 9 8 8 7 7 7 f 6 6. 5 4 4 3 2

-2 3 5 6 7 7 6 6 0 1 . 7 7 7 7 7 7 6 6 1; 4 4 " 2 2 1
-3- 3--- 4 4 P 5 cz 7 7 7 C, 5 r, 4. 3 3 3 2 1- -

2 2 3 5 6 4 4 4 5 5 A 7 7 4 4 4 4 3 3 3 3 2 1
13 3 4 4 4 4 3 3 4 4 4 , I. r 4 4 3 3 ? 2 ± _"3- 4 4 3- 3- 4 3- 5 3 5 6 5 7 3 2 2 2 2 2 1 ...

2 3 3 3 2 1 1 1 1 2 3 ' 2 2 3 " " 1

A __ _ i __J -2. 2 2 2 1- - - - - - -

1-± 2 2 2 1 1 2 1 1 1 " 1
-2 £1 1 1

4 44 2 It 1 1 ia i ___

2 2 2 1

A 24 25 26 27 28 19 31 11 32 33 "4 15 1A "7 75 39 4f1 4t 4 , 43 44 45 '6 47 48 49 50 51 52 53 54

A 0 0.0 r.o 3.- 3.3 ,.. 0.0 0.0 0.0 0.0 0.0 0.0 0.0
o0.0 0.0 0.0 0.1 o.i, 0.C .. o " .2 z 0.0 0.0 0.o 0.0 0 .0 7.6

INCPEMENT= 2.14 C
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LE 23. FULL-SCALE HAST ENGINE BOOST PHASE SPATIAL DISTRIBUTION, T = 41 TO 42 SECONDS

UNITS=WATTS/STER X

-• BACKGROUND= 1.59
-4 -3-~*' 3 3~ 3 -1 2 8~

2 2 2 ' ? ' 2 2 ? 3 2 3 2 2 ' 2 2 2 2 2 2 (69
p 2 2 3 3 ' 2 4 3 " 2 3 3 2 2 2 2 2 2 54S"2 " 2 3 3- -- ---3....------------2---2----- --- 62--'-- "

2 1 ? 1 3 3 2 3 3 1 2 3 2 2 2 2 54
2 2 7 2 3 2 3 2 2 ? 2 2 2 2 1 1 51
z 115? 2- 2 2ý -2 2-Z2- 1 T

2 2 2 ? 2 2 2 2 2 2 1 1

i t 14

J Total = 3.27 KW/STER - 0

0
1.- t 41 to 42 seconds _

. 1 1. 1. 30

23 2 1 2 2 1 1 28
3 4 4 '. 2 2 2 1 !)Z__ __ _ __ _ _5 f.4 4 4 4 4 4 T. 2 1 1 1 1 90

2- 1 4 3 4 4 4 -* 4 14 -- 3.2.-- 2.2-- so9
5 4 5 5 6 6 6 7 7 6 5 4 4 4 4 4 3 2 2 1 0.5

F , v = 6 5 5 6 6 A r 5 $ 5 5 4 4 3 3 £ 154
1F 5 6 7 7 7 7 8 7 7 7 7 7 6- -7 ---- - 6 5 -2--------_ 176

7 R7 9 - to q q q A A 8 8 8 8 8 7 7 6 6 2 206
f J i 3 o in 9 10 1Q to 10 9 9 9 a 8 7 7 7 3 1 252

A 9 10 i i 8 9 9 1I 1p 9 10 10- 9 8 8 rS7 - -3
7t 1 3 • L 010 13 8n in t0 in 0 5 8 8 7 7 6 4 2 227

7 '3 9 q SP if l-___ iG __9 _7-_8 A A__ . 9 1 7 ?
C6 k 7 p 13 } 9 8 8 7 7 7 6 6 6 5 4 4 3 2 204

F A 7 7 7 7 7 7 6 6 C; 4 4 7 2 2 1 1.78
-6 A 5 7 7 7 6, 5 S 4 !! - 3 2 1.---- --------- ______
5 5 6 7 7 4 14 4 4 3 3 3 3 2 1 11.0
4 4 4 F. L 4 4 3 3 2 2 1 90

5 F 5 -T 2 2 2 2 2 1
2 3 2 2 2 3 3; 1 48

1 12.
i i 12

0U--
0

23.3 14 25 7A 37 16 39 41 41t 4? 43 44 45 4.6 47 48 49 50 51 52 53 54 55 56

,3 C.., .3. .. , 0. 0 0. 0 0.0 0.0 0.0 0.0 15.2
3 C.C )., C. 0,0 0.z 00 0.0 0.0 0.0 0.0 7.6 22.9
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EXIT PLANE IS IN COLUMN-OFIELO OF VIEW CENTER IS IN COLUHN 28 iORZ INCREMENT=-O.00 CH VERT INCRE4ENT=-0

EXPERIMENT DATE 3 FES 75

RU=,- F.I E= 95 RANG E (R.NT OF AMERA) 0.0 . SENjITI IT -0 ATTENUATION= -0 POI4ER=
4) 8 6 6 14 14+ 6 19 Cl 25 30 ZeB 3au 3 -

S3 1 1 4 5 6 6 9 11 14 Q3 12 9 6 9 13 20 27 28 25 29 32 41 43 4
5 4 5 1, 5 -5 5 6 5 5 5 5 5 z A 91is 75 5 16 -21 ?A -40 79 2 t-
5 4 5 5 5 3 1 ± 5 8 6 9 6 6 5 5 12 14 14 16 19 26 32 29 25 25
5 4 5 5 4 5 9 12 10 9 9 11 9 11 10 13 13 20 25 32 30 27 25 25 2791 1 t • • 1 4 e -I--L f--1•- 2 --44 -25 2 7 30 ---2 --0

1 1 3 5 5 5 5 3 5 5 9 14. 2±22527303230
4 9 2 tl 9 9 12 9 12 j54 2 28 30 32 32 ,

1 4 1, 1 5 95 5 Z I 4 1 1 7 22 2? 27 25 j5 5 Z5 Z5 30
6 9 u 11 9 6 9 9 9 6 6 9 6 5 8 9 13 16 2 1 6 12 13 16 27 28 33
3 3 4 U 3 5 .- -; 5- 5 5 5 , 6 6 .... 56 -. 9 .

s 5 4 4 4 3 5 5 5 5 9 14 It 1? 20 20 14 16 20 21 20 16 13 16 13 20
5 5 4 5 5 6 9 a 8 5 a 6 9 It 9 6 9 16 17 16 14 It 6 5 5 12

5 5 5 5 6 6 6 5 9 i It 9 9 5 8 5 5 8 9 9 8 6 10 12 13 14
5 5 5 4 5 6 6 6 5 5 8 6 9±12 t4 £313 It 9Wli 9 Z 5 4, 5 tp 2 " '" 5 1 1 - 9 8

4 3 4 3 3 5 5 5 5 5 3 3 4 3
5 5 r 5 6 5 53-41 Z5 ------ ----- 9 5-----
6 6 6 6 6 6 5 4 1 1 3
5 5 3 3 1 1 4 4 1 3 4 4 4 1 3 ±

5 'S 6 5 4"
*1 3 3 9 4

4 6 4 z
51 5 6 4 4 3 5 9 9 9 13 11 9

6 5 6 6 6 6 5 5 5 5 6 5 56 514 9 6 1 9 9 6 ±t
I 9 4 4 6 3 t:8-- 10 t1 -6 -6--- 9- "7 -12 13 ± 11 1 5 6 9 4 41 6 12 13 13 1± 13•±12 9 5 5

9 9 B 6 8 6 6 5 5 4 4 5 13 16
9 5 ±4 ±6 14 ±3 12 b 7 6 8 9b 12 83 5 4

11 5 1 9 1 ±4 12 11 9 9 9 16 16 9 5 3 61 14 19 13 11

$2 4 4 6 44 13 I l - 9 -- s u 5 a2;s e l z Io I l 6 -- Z i s r 6; vg; P a oA -? -:25

6B 9 2 1 2 i 3 1 t 6 12 13O 1 3 13 8 9 1 2 10 13 41 48 4+0 27 214')
12 13 13 1- 13 Ig 9 L 13 12 9 6 16 i 20 1 3 1 14 13 1'R 37 14 17• 12R 12 2

3 , -*------* 13 t±3 6 4 -4 4- t3 25 32 3? 28 -7- 2-9---26
8 21 29 28 19 ±6 14 t2 2 321 6 ±6 112 2 9 22 21 21 37 56

3 ± ± 3 6 49 25 2!; 46s R' 48 e2) 2 4U 41 141 40
1 1 111 3 12 9 1 2± ± 16 14 21 25 29 41 38 3 32 3? 41 76

6 : 2 A 2 t I I L2 2 A 3 642 3P !i 3I r 6L

3 5 , 8 6 4 1 6 I 27 3 25 1 25 2 29 4 8649**

Ns 3 1 5 6. 4 9 25 42 2 0 1 20 41 48 64 6937 48#*## 7 37 *

1 1 ± 1 1 14 13 20 28 3f 2 367 54 35672 6±
3 5 3 4 9 221 25 221 21 29 28 25 21 22 2 30 5 4 560 52 57 6± 6 5 64 80*4

93 5 Z 16 5 148 44 149 5469Z5;76875565***** 77067**9 ~ ~ ~ ~ ~ ± 14 16 2&A q ?n 3 5 4s 93 37 7 4 in fg 7
5 5 3 17 191 16 2 16 13 L3 2 0 ? 2 28 29 29 3 28 28 24 2± 21 67 53*******

5 3 1 13 16 2 1 2 C9 28 2 1 2 3 0 5 1 56 52. 5f 41 6 61 6 6Q*4**bO*

~~~~ 0 7 1 0 0 I 3 0 11 fl 16 2; 37 tt j3 . L .5 ~1 31 13? 5 6 5 2 3 2 28 25 362 2 8 3 2 3 3 46 61 5 9 5 4 1 6 36 33 2 6 21t 2 37 4i 1 0± 53 45 561
5 5 3 & 1 162156±131321 3732628 328 29 32 293282 28 2174453

10 1.24 ±7 20 ± 13. ±2 1J 2± ±2 25 5 14 2± 20 ±6 b3 b4 2 SU3'3 t L; 02; t ! C4 1 4 281652±16±1 99 4.*
1a 16 20 31 45 19 40 41 19 2f 21

9; 4& QI AL0 17 17 A 7 7 Q II A 7 j A 531.1 4 A .4 j 4A ki 4

16 61 1 1 k b 21 25 35 41 51 5 5 5
66 6 6 5 5 9. it 3,16±35

1~~ ~ ~ ~ 85 5 1 3 8 02 9
4 ~ ~ ~ ~ ~ ~ ~ ~~~' 3 8 02 4I 0i 2 1 2 2 5 1 2 01 31 83

6 6 13 L_ _12_S__5_6_9__5_5_4

5 8 1

4~ 6, 6 1 4±

AI



TABLE 24. FULL-SCALE HAST ENGINE BOOST PHASE SPATIAL DISTRIBUTION, T =

VERT INCRE.iENT=-0.00 C

-POWER= _
3 3-Z-7 4 52 59 57 ' 60 57 5 54'57 56 60 0 662 6"-7 62 1 57 64 61 44 37 37 A-M
37 1 93 ± 34 3 . ±3 45 478 .3 57 75S7 6T2 6 6± 4 9 46462 r0 73 69 64 48 41 .e ±

A %n2Q A in j4'&-4'.--46 %9 hS cl 5-9 59 60 59 60 57 5 3 59 s4 18 3Z 36 15 9 9
6 32 29 25 25 28 33 43 49 51 48 53 57 59 60 t7 54 48 52 S9 59 60 56 59 57 54 53 38 32 32 21 13

2 272525 27 37 44 48 41 43 49 53 5353 53 57 54 60 64 ;5 6631'1 4 4 15, 56 4 31 37 22 14:

- T3 . . -5 5? 46 48 f
27 30 32 30 32 3 0 38 37 36 33 32 33 38 37 37 44 4'4 45 45 41 41 37 38 33 25 20105
28 30 32 32 37 37 3? 36 38 4, 28 1 6 12
16 3 3 3 33 3 33 36 32 28 28 25 22 22 22 21 16 13 14 ±2 6

3 22 a 702-4- -2? ;)) 74- PI -" 9-±9-- 19 1A 47 9 1 IL' a 0
m6 13 16 13 20 21 22 2± 14 13 13 16 17 20 19 17 13 9 6 . 6 5 6 5 5 4 4 ±

6 5 5 12 13 12 14 13 9 6 5 6 6 8 9 9 9 6 9 9 12 9 5 3 1
-3 - - -5--9-- ------ 6 -----5- 6----6--t- __9----_ 4- 4 ± ±----
10 12 S 314 ± 13 ± 16 10 9 13 9 8 6 9 6 5 5 4

4 3 13 11 9 # 1 4 6 6 5 8 6 5 5 1-
1 J 8 5 4~ 5 3

4 3 4 1 6 3 1

-____I___'___-____-_________ NOT REDUCED .. ..

4 94 3 1 ± ±

5 4 3 5 5 1 =900 eod
6 2 9. 5.....6 5 3 t 29 to 30 seconds

9 9 13 11 9 5 5 5 5 4 3 5 *9 1 4
± 4 ~~9 9 6 11 14 ±i1±2 13 ±2 ±1 5 5 3 _________________ ________ ___2 --. _-m 9- 1

3 L12 9 5 5 ±
4 5 13 16 6 1 9 ., 5 5 9 5 1

3 1 1 1 1613 1 25 1 3 1 1 5 5 5 5 3 1
a 8 8 2 77 71 25 8 17 16 1Z 211 20_6_____'1______5 L

7 48 40 27 2± 2± 13 ±6 2± 21 20 29 32 26 25 22 17 13 10 9±1i 9 6 8 6 4
17 ±2 ±2 28 37 32 22 35 37 36 57 46 35 30 27 27 30 29 27 20 12 10 6 5 5 ±

2 9 28 24 2t 9? 54 3?9 4 3 e6 et -15
14 12 25 32 37 4461 5352 7 68616005344 32 +±46 9
21 21 37 56 69 59 51 ý5 33 4§ 56 69 67 57 60 7068 61 54 46 35 28 19 16 10 5

4 '66 0 69 64 68 60 61 61 44 35 28 21 13 5
1 24 7 78 7 ....~ 84 84 84 84 67 575 45 21 21 12 ±

&I4A_ L. A7 3A ?a Q Om f f
43 86 91#4" **#** 8*4* 5 60 42 27 ±2 2
37 48 5 6 6 77 59 44 27

# 7 2 77 7 4 57 , #. ####P6974S'*7'0 # 6 0 9 14 83 44 22
8 83 65 64 88 8'. 41 17

7;86 76 38 1'.
-r77 64 48 28 14

67 801*4*1 78 62 44 28 16 3
4 ~IWYYV 4 YY i~1~ p 5? ~ 43 28 i3 3

M3 59 6HO67 IIS60**:0 3;!7A5'760 62 67 7789 84 817776 7473 64 623 25821 9 1
21 21 37 53 57**w**** 80 69 77""* 78 70 61 62 7383 70 53 44 44 51 49 '.4 25 2013 3

£28 40 670****** 63645 56654 9 53 433744 4948 2525 212117 5 5 ±
I.. I- 6A 1 Al Ufq &A. 161 in 'Si 'A lal AR A? P7 10 pp 3fl A5 71 15. IA A GS I

32 36 53 45 43 71 62 '.8 69 85 60 46 37 28 30 25 28 17 14 5 1
51 53 45 56 59 6~ 6? 46 36 31 25 22 22 14. 9 8 ±6 9 12 13 6 4 1

28 • . 1 11 i3 9
2827445 t 36 5 1 ± ±
13 19 28 32 19 21 26 30 2± 25 9 3 ± 1

5 4

a 5 3 6 4

4- 90



-ABLE 24. FULL-SCALE HAST ENGINE BOOST PHASE SPATIAL DISTRIBUTION, T =29 TO 30 SECONDS

8 ~ -
ACKGRUNO 163

...... . 2  1 W 6 ? 6 57 6 j 6 1 4 4. 37 37 2'. l b A Y G 0 0 513 d
4 48 5 5 5 62 626 0.o 9 64 6'4 62 7 73 6 4 4 4± 4.4 29 19 6 4 x

49 'i 52 59 5 -9 9 60 Sz57 ý 32 32 21 13 1 157
4 53 5 59 60 57 54 4% 52 59 59 60 56 59 57 54 53 38 2 3 ± 3 ±±7

3:9 53 53 53 53 5754 606465656 2~±55433224 ____11

37 63 32 33 38 37 37 44 4~ i ± 73 3 2 2± 0 0 ±4-
218 16 13 15 12543

-2 32 33 323362 2828 25 22 22 21±6± .1

1 3 ± 7 20 19 17 13 9 6 -3 6 5 6 5 5 4 4 1 577

6 5 6 6 9 9 9 6 9 9 12 9 5 3 ± _ _ _ _ 39

4 Of--3--
1 3 9 a 6 9 6 5 5 4 -2

5 856

NOT REDUCED____ ____4

26
3t 29 to 30seconds___ -13

* 3 5 9 1 426
i1 5 5 3 

1:14_____ 63
-3-----1.79
-~ 

202

14 2 ± 1 1
25± ± 2U 413± 9 6 5 5 5 3 ± ±

1A I Z_742
20 2932 26 25 22 T ±730 9±19 68 6'49.

7 36 5 46 3 30 2 2 30 29 27 20 ±2 U0 6 5 5 ±. 923
_j78 33 2 2 21 7 ±15 t----5-1O

74 73 68 6± 6 6h 53 37 41 L4 3 2 ± 4 ± 33
4 67 0706 546 3528±19±16 ±0,5 r1,

* ~ , "' ' 8 8 4 84 67 57 54 54 51 32 2.±
85 ---- 60 42 2? 12 2 692

77 5 4' 27 67

74 83 1.059±9

p ~88 84 41. 1715

86 76 38 14 81~

77 64 48 28 14 ail±

yf V ~ ?~78 62 44 28 ±6 387
11 43 i8 a~

73 57 60 62 67 77 89 84 8± 77 76 74 73 64 62 38 28 2± 90
7## 78 7 69 6 73 83 70 53 44 44 51 49 44 25 20 ±3 3 ±86

77.1* 78 70 6 2 7L7 : 4 '3j 3 - b10

6± 5 9 5 . 37 44 '9 48 25 25 21, 2± 17 5 5 ±19

9 85 60 46 37 28 30 25 28 17 14 5 1±
3Z 25 22 22 14 9 8A ±6 9 ±2 03 6 4 ±

± 2 16 ±4 ±7 135 5.±147

-25 9 3 ± ± 547

1 891

69

909



I

TABLE 25. COMPARISON BETWEEN CALCULATED AND MEASURED DATAf (SEA LEVEL STATIC CONDITIONS -SUSTAIN PHASE)

J (W/STER)

O/F = 3.2 O/F = 3.2 O/F 3.1
"" Degrees Calculation 1 Calculation 2 Measurement

(4.17 to 4.88p) (4.0 to 5. 561) (4 to 5p)

30 2220 3440 Not observed

60 2540 3060 2900 to 3500

90 3770 5600* 3000 to 3300

120 4110 6100* Not observed

* Extrapolated

TABLE 26. COMPARISON BETWEEN CALCULATED AND MEASURED
DATA (SEA LEVEL STATIC -BOOST PHASE)

P J (W/STE R)

O/F =3.5 O/F =3.2
Degrees Calculation 3 Measurement

(4.0 to 5.5p) (4.0 to 5/u)

30 5910 2400 to 2900

60 3660 3800 to 4000

2 90 3410 2800 to 3600
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i APPENDIX A

li- ADDITIONAL FULL-SCALE HAST ENGINE PLUME

STHERMAL SCANNER DATA DISPLAYS
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ONE DIMENSIONAL DISPLAYS

"FWIL S'ALE HAST 8BOOST8 FIRING SIATIC 1400 FT ALTITuOU MODIFIIED A(t )' .U
it E 35 RUN NO. 12 POWER50000
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ONE DIMENSIONAL DISPLAYS (CONTINUED)
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ONE DIMENSIONAL DISPLAYS (CONTINUED)

S C A t L H IA S T 13 B O O S T 13 I PI N G T A I C 1 4 0 0 f !1  r UDftI|Tu M OM , I lI [ j t i A,

i 56 RUN NO. 20 POWEP0O000
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ONE DIMENSIONAL DISPLAYS (CONTINUED)

-A ~~d~i 'CALE HA'ýT 13800'113 P WING SAC 40 ALIUE MOD)IF IED A(E )/A(

'6 PON NO. 27 PO W[ R-0000
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ONE DIMENSIONAL DISPLAYS (CONTINUED)

iUtt SCALE HAST 13BOOST13 FIRING SITA1IL 1400 FT ALITITUDO MODjIFIED A(L I/A(

St 1 91 RUN NO.z 32 POWER50000
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ONE DIMENSIONAL DISPLAYS (CONCLUDED)

4SCALE HAST 83BOOST3 [IRING STATIC 1400 FT ALTITUDE MooDi 1[ 0 A([ )/A(
I~; 32RUN 1304 PWER580000
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TWO DIMENSIONAL DISPLAYS

FULL SCALE HAST L3BOOSTS FIRING STATIC 1400 FT ALTITUDE MODIFIED A(E)/A(

SULE= 29 RUN NO.: 10 POWER50O00

MINIMUM VALUE= I MAXIMUM VALUE= 101 INCREMENT= 6
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TWO DIMENSIONAL DISPLAYS (CONTINUED)

FULL SCALE HAST O3BOOST8 FIRING SIAIIC 1400 FT ALTITUOE MODIFIED A(E)/A(

i~LE' 35 RUN NOW 12 POWER50000

MINIMUM VALUE= I MAXIMUM VALUE= 101 INCREMENT= 6

,I I 111

"IIIIII
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TWO DIMENSIONAL DISPLAYS (CONTINUED)

FULL SCALE HAST t3BOOST[ FIRING STATIC 1400 FT ALTITUDE MODIFIED A(E)/A(

I•LE= 56 RUN NO.: 20 POWER50000

MINIMUM VALUE= I MAXIMUM VALUE= 101 INCREMENT= 6
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i i iii,

II
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TWO DIMENSIONAL DISPLAYS (CONTINUED)

FULL SCALE HAST BOOSTS FIRING STATIC 1400 FT ALTITUDE MODIFIED A(E)/A(

7IL•T 76 RUN NO.= 27 POWERO00O0
MINIMUM VALUE= I MAXIMUM VALUE= 101 INCREMENT= 6

' "" II IIII

I -
1}-

.. -
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TWO DIMENSIONAL DISPLAYS (CONTINUED)

FULL SCALE MAST SBOOST8 FIRING STATIC 1400 FT ALTITUDE MODIFIED A(E)/A(

ýILE= 91 RUN NO.= 32 POWER5000

MINIMUM VALUE= I MAXIMUM VALUE= 101 INCREMENT= 6

'' ;i l1I,10

I 11111
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SI
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TWO DIMENSIONAL DISPLAYS (CONCLUDED)

FULL SCALE HtAST SBOOST8 FIRING STA¶IC 1400 FT ALTITU[rE MODIFIED A(E)/A(

ILE= 132 RUN NO. 46 POWERS0000

MINIMUM VALUE= I MAXIMUM VALUE= 101 INCREMENT= 6
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THREE DIMENSIONAL DISPLAYS
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THREE DIMENSIONAL DISPLAYS (CONTINUED)

j , A![ ,t A ; T 3BOOSA T L3 vIP F ING 1 TW I 1 1400 1 AI I I tUD MODIf I d A( )I •[

35 PtJN NO. 1. Oi' 50000
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THREE DIMENSIONAL DISPLAYS (CONTINUED)
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41THREE DIMENSIONAL DISPLAYS (CONTINUED)
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THREE DIMENSIONAL DISPLAYS (CONTINUED)

UL 1 1 t) iiASt I 3B(100t, I PING TA'M (. I1400 FT ALTITuDE MOD I I Ui (I A

, I PRUN NO. 32 0/f 0OO0 0

1 100
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f THREE DIMENSIONAL DISPLAYS (CONCLUDED)

f J LL ýC ALt.E H ASI1 13B80 0S 18 F IR I NG STATIC 1400 FT ALTITUDE MODIFIED A(E )/A(

It 132 RUN NO.~ 46 O/F~ 50000
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4::
INITIAL DISTRIBUT!ON

"USAF/SAMI 1 Celesco Industries 1
USAF/RDPA 2 Ordnance Research, Inc 1
USAF/RDQRM 2 United Technologies 20
USAF/XOOW 2 ASD/ENYEHM 1
USAF/XOOFA 1 AFIS/INTA 1
AFSC/DLCAW 2 IDA/Lib 1
TAC/DRW 1 IDA/Wolfhard 1
AFAL/TE 1 AFOSR/NAE 1
AFAL/NV 1 FTD/ENDA 1
ASD/ENYS 1 ASD/XR 1
ASD/RYE 2 AFAPL/RJT 1
AUL/AUL-LSE-70-239 1 AFCRL/OPS 1
ODDR&E/TST&E 1 AFCRL/OPI 1
DARPA/TO 1 AFRPL/DYSP 1
DDC 2 AEDC (Aro Inc/Lib/Doc) 1
ADTC/PM R 1 Aro Inc/McGregor 1
TAWC/TRADOCLO 1 NWC/Code 4513/Victor 1
TAWC/TER R 1 NWC/Code 4514/Brei! 1
ADTC/X R 1 NRL/Code 4004B/Balwanz 1
AFATL/DL 1 Aerochem/Pergament 1
AFATL/DLB 1 Aerodyne/Draper 1
AFATL/DLM 1 Aerodyne/Mann 1
AFATL/DLMI 1 Aeronautical RA/Fishburne 1
AFATL/DLMH 3 Aerospace Corp/Lee 1
AFATL/DLMQ 10 Aerospace Corp/Thomas
AFATL/DLOSL 2 Atlantic ilesearch/Goede 1

A AFTEC/XR 1 Calspan Corp/Boyer 1
AFTEC/TET 1 Calspan/Marrone
4950 Test W/TIHM 1 Grumman Corp/Slack 1
Ogden ALC/MMNOP 2 Lockheed Msl & Space/Mikatarian 1
AFWL/LR 1 Lockheed Msl & Space/Smith 1

NWC/Code 5143 1 Martin-Marietta Corp/Hetrick 1
ADC/DOV 1 Physical Dynamics, Inc/Boynton 1
Redstone Arsenal (AMSMI-TM) 2 Thiokol Corp/Webb 1

- Redstone Arsenal (AMSMI-REI) 1 Brigham Young Univ/Smoot 1
ADWC/50th TES 1 ADTC/TSGPA
Pacific Missile Test Cntr/Code 1252 1 NRL/Code 7126 1SCOMPTREVFOR 1 AFOSR/NP 1
TFWC/TAF 1 Univ of Maryland/Anderson 1

ff Warner-Robins (ALt;/MMYQ) 1 Rocketdyne/Flanagan 1
NASC/PMA-247 1 Envir Research Inst of Michigan 1
NSWSES/Code 4221 2 NASA/JPL/Ryason 1
NADC/Targets Office 1 AFAL/WRD 1
Mitre Corp 2 SAMSO/RSSP 1
Beech Aircraft Corp 2 Flight Systems, Inc 1
Atlantic Research Corp 1 Motorola, Inc 1
Teledyne CAE 1 DARPA 1
Teledyne Ryan Aeronautical 1
Northrup Ventura 1
Hayes International Corp 1
Sanders Associates, Inc 1
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